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ELECTRICAL FORMULAS 




EXAMPLE: If ou want to find the amperes and you have the voltage and 
wattage, you look In the square under the I (ampere) and find 
the formula W/E or W - E and soIve« 

If the circuit takes 50 watts at 100 volts, using the above 
formula, divide 50 by 100 and you get 0«5 I (amps). 
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HOW TO USE YOUR COURSE OF TECHNICAL INFORMATION 



In order to use your course effecnively you must have: 

1. Your o^'n copy of each of the required references. 

2. A large three-ring binder, 8 1/2 x 11", in .^/hich to keep youi 
completed lessons. 

3. Any additional references your instructor may require. 

This course was developed and designed to be used either in formal 
classroom work or for home study on a correspondence basis it the 
wide-spread location of apprentices makes class work impractical. 

The course is intended to be a common course of instruction for 
both electrical meterman and station wireman apprentices in their 
first two years of training. The third year study is specialized. 
Metermen will study material that is related to their speciality 
and wiremen will study from material related to electrical 
construction and niaintenance of power stations. 

Power station operator trainees will also find that this basic 
course provides a good technical background as well as the general 
knowledge so essential to understand the work performed on the 
job. 
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We feel that no electrical worker can become highly skilled or 
proficient in the handling of electrical apparatus unless that 
individual is well informed on the elementary theory and the basic 
rules governing electricity and magnetism. Most of the basic 
ideas of electric phenomena are b^ised upon mathematical reasoning 
and stated in mathematical terms. The many problems found in this 
course are intended to lay a foundation that will htlp you learn 
the more technicrl and complicated engineering principles that you 
must understand to become a Qualified and skilled journeyman and 
to move into more advanced and technical positions later on. 

During your apprenticeship period people are especially willing to 
help you, so take advantage of your opportunities. What you do 
not learn as an apprentice you will have to learn as a journeyman 
on your ovn. 



What is Apprenticeship ? 



Apprenticeship, as a form of education, has been in existence in 
one form or another for 4,000 years; yet a great many people today 
are not aware of the role it plays in maintaining our supply of 
skilled craftsmen for industry. 

Webster defiaes an apprentice as "One who is bound to a master to 
learn an art or trade." A more literal and current definition is, 
"a person who contracts with an employer to learn a skilled 
occupation under a specific training plan." This plan provides 
for the apprentice to do productive work in exchange for less than 
journeyman wage rate, and to receive instruction and continuous 
supervision from a competent journeyman. 

As a practical point, apprenticeship training, by its very nature, 
is applicable only to the learning of skilled occupations. It has 
the advantage of being productive and earning an income while 
learning, practicing, and developing the skills required. It 
requires supplemental schooling called "related training" to 
provide the theoretical knowledge of the trade while the 
on-the-job part develops the practical skill applications. 
Occupations of clerical or professional nature are more 
appropriately learned by academic process; hence, the liraitat^'^n 
of apprenticeship training to the skilled occupations. 

The training plans, known as "apprenticeship standards" are 
developed for each specific trade or craft, by persons Irom that 
particular trade or craft. These persons are formed into a 
committee who are experts in their field. They develop a set of 
"standards" which outline the work processes to be learned, the 
related material to study, the wage rate to be paid, and other 
working conditions which will insure the complete training 
nece.:sary to produce a truly skilled craftsman, worthy ot Lhc 
title "JOURNEYMAN." 
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A WORD TO THE INSTRUCTOR 



The material presented in this course of study is intended to 
serve as a guide for those who are studying to become qualified 
electrical power station workers. It is not possible to cow2V all 
the aspects in great depth, however, we have attempted to organize 
the instructional material in a logical sequence cove ing those 
principles which are essential in electrical technology. The 
instruct:)r can be a big factor in generating student Interest by 
presenting job-related experiences and emphasizing the practical 
application where a particular theory is utilized. The greater 
the learners interest, the easier the task of teaching. 

This author feels that if an electrical lab is available for 
classroom work, the instructor can perform many experiments that 
will allow the students to see and prove to themselves that the 
theories presented in the textbook really work. Electricity is 
something the students cannot see, but if they see the effects of 
electricity can be measured along with things like ohms, amps, 
volts, watts, sinwaves, phase angles and phasers, to mention a 
few, they will begin to believe in tangeable* -neasureable 
quantities. Let the students participate in experiments and 
discussion. They may learn more from a discussion in which they 
participate than they do from a lecture. 

As stated before, this is intended to be a common course of study 
for the first two years of training for both wiremen and meterraen 
and, in some cases, power station operators. It should be 
recognized that all the assignments are not of equal Importance to 
all students. Students' needs will differ and you may find It 
desirable to devote more attention to one portion of the course 
than another. 

The section on subject of "Print Reading" should be introduced to 
the students as soon as they are familiar with some of the most 
basic electrical concepts. By the time they have covered series 
and parallel circuits, they will comprehend what a complete 
circuit consists of. It is best that no particular period of this 
course be devoted exclusively to Print Reading, but Print Reading 
exercises and lessons be interspersed throughout the entire course 
in a manner that will enable the iadividual student to gain the 
most benefit. 
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ELECTRICAL THEORY 



UNIT 1 

INTRODUCTION TO ELECTRICITY 



This unit contains the following lessons 
BASIC PRINCIPLES OF ELECTRICITY 



Lesson 1-1-1 
Lesson 1-1-2 
Lesson 1-1-3 



The Electron Theory Siraplitied 
How Electiicity is Produced 
Mathematics Review 



ELECTRICAL CURRENT 



Lesson 
Lesson 

MAGNETISM 



1-1-4; 
1-1-5: 



Current Flow - What It Is 
Matheraat ics Review 



Lesson 1-1-6: Magnetic Fields 
VOLTAGE AND RESISTANCE 



Less on 


1- 


1 


-7 : 


What Causes Current Flow? 


Lesson 


1- 


1 


-8: 


Resistance 


Lesson 


1- 


1 


-9: 


Algebra Reveiw 


Lesson 


1- 


1 


-10: 


Equat tons 


Lesson 


l- 


1 


-11: 


Problems Involving Resistance 










and Wire Size 


Lesson 


1- 


1 


-12: 


Resistance and Temperature 



ERIC 



li) 



BASIC PRINCIPLES OF ELECTRICITY 



Careful study of the lessons which follow will help you to 
acqu ire : 

1. An understanding of the fundamental and simplified version of 
the electron theory and its relationship to electrical 
principles and physical laws, 

2. A knowledge of the various methods which can be used to 
produce electricity, with emphasis placed on the two common 
methods used as a source of electric power. 

3. An appreciation of the place occupied by the electron theory 
and its application in future problems that you will encounter 
in the electrical field. 

4. The ability to use standard terminology when reading, 
studying, writing, or otherwise expressing ideas in your 
trade . 



Directions : 



1. Think about and attempt to answer the study-help questions 
before starting the lessons. Keep them in mind as you study. 

2. Study the references thoroughly and make certain that you 
understand each theory and principle before advancing to the 
next topic. Familiarize yourself with all new words, terms, 
and definitions. 



3. Make a list of new terms and definitions in your notebook. 

4. Write out and hand in the answers to all the check-up 
questions after carefully considering the aim of the 
questions. When words alone fail to convey your meanings, 
make sketches, drawings, or diagrams. 

Study-help questions: 



1. Because no person has ever seen an electron, how can we assume 
there is such a thing? 

2. The entire study of electricity Is based on what theory? 

3. What is the relationship between a molecule and an atom? 

4. What are the six basic sources of energy that can be used to 
produce electricity? Which two methods are the most important 
for commercial application? 

5. Based on the electron theory, why is copper a better conductor 
than glass? 



6. Why are there no perfect conductors 

?• How do you intend to fix electrical 
in your mind? 

8* Compare a planetary electron with a 



or perfect insulators? 
terms and their meanings 

free electron. 
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Lesson 1-1-1 



THE ELECTRON THEORY SIMPI.IFIED 



Required reference: 
Elect! Iclty One-Seven , 
Check-up: (1-1-1) 

1. What is an electron? Proton? Neutron? Nucleus? Atom? 
Molecuie ? 

2. How do "bound" electrons differ from "free" electrons? 

3. Why is the electron theory important to you with regard to 
your future work in the electrical field'' 



Basically, all mr ter is what, according to the electron 
theory? 

Scientific fact proved beyond doubc is known as a "law." Is 
the electron theory a law? 

According to the electron theory, what is an electric 
current ? 

In what way does a carbon atom differ from a hydrogen atom? 
Approximately how many different kinds of atomu exist? 



9» What is a compound? 
10, 



In an atom, what relationship exists between positive 
charges, which are '-ailed "protons," and negative charges, 
which are called "electrons?" 



Lesson 1- 1-2 



HOW ELECTRICITY IS PRODUCED 



Required reference: 
Electricity One -Seven , 
Additional information: 
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You have learned from study of the electron theory that 
electricity is the effect of electrons moving from one point to 
another, Some forai of energy must be present to bring this 
condition about. There are six basic sources of energy which can 
be used. They are: FRICTION, PRESSURE, HEAT, LIGHT, MAGNETISM, 
and CHEMICAL ACTION. Of these six sources, you will usually use 
only magnetism and chemical action. Eltrtric charges obtained by 
the other methods are only used in special applications and are 
never used as a source of electrical power. A study of the six 
basic sources will give you a better picture of how electricity is 
produced. 

How Chemical Action Produces Electricity . Electricity from 
chemical action is very important You will have occasion to use 
dry cells, storage batteries, and standard cells in your work as a 
meterman or wireman. You will use dry cells in flashlights, 
ohmmeters, and resistance bridges. Dry cells are also used for 
testing the accuracy of mi 1 li vo 1 1 me t e r s and mi 1 1 i-amme t e r s in the 
laboratory. Storage cells are used for a current supply in 
testing direct current vatt-houi'S meters, for control and 
operating bus in stat ions, and in t> i laboratory for a current 
su.^ply when chocking the accuracy of ammeters and wattmeters. The 
standard cell is used in the laboratory as a voltage supply in 
connection with what we call a potentiometer used for checking the 
accuracy of various kinds of instruments. Therefore, it will pay 
anyone who aspires to being a meterman or wireman to learn at 
least a littl^^ about cells and batteries. 

The open-circuit voltage of a dry cell is 1.5 volts. A lead-acid 
cell has an open-circuit voltage of 2.4 volts when fully charged, 
which settles back to 2 volts when discharged. The , electrolyte of 
a lead-acid storage cell Is dilute sulphuric acid and we tell the 
condition of the cell — that is, how much it is charged — by testing 
the specific gravity of the solution with a hydrometer. When the 
cell is fully charged, the electrolyte has a specific gravity of 
1.280; when discharged the specific gravity is 1.120. 

How Magnetism Produces Electricity . Magnetic materials differ 
greatly in the amount of magnetism that they can retain. If a 
piece of soft iron or soft steel is magnetized, it makes a 
stronger magnet while the magnetizing force is applied than does a 
hard piece of steel. However, the instant the magnetizing force 
is removed, the s3ft steel or qoft iron loses practically all of 
its magenetism while a relatively large amount remains in the 
piece of hard steel. Therefore, soft steel cannot be used to make 
permanent maguets. The ability of a material to retain magnetism 
is called RETENTIVITY. 

1 i 



When a magnetizing force is applied to a piece of magnetic 
material, all of the tiny magnets are forced into a position so 
that all of their like poles are pointing in the same direction. 
It seems reasonable to assume that the harder the steel the more 
difficult it is to force the tiny magnets to line up; but once 
they are lined up, they do not readily return to their origin^ 
positions. For this reason, permanent magnets which are to be 
used in electric watt-hour meters are made of the best grades of 
highly-tempered stoel. For a watt-hour meter to maintain its 
accuracy over a long period of time, it is absolutely necessary 
that its permanent magnet retain a constant araoant of magnetism 
for an indefinite period of time. 

Watt-hour meters and, for that matter, every electrical measuring 
instrument having a permanent magnet muot be handled carefully. A 
jar or a blov may cause some loss in the magnetism, thereby 
causing inaccuracies in the measurements. Tor the same reason, an 
electric current should never be passed through a permanent 
magne t . 

A piece of steel placed across the poles of a magnet to clean it 
may appreciably change the field of the magnetic flux and cause 
inaccuracy in the watt-hour meter. Hence, a magnet cleaner is 
made of bronze or some other nonmagnetic material when it is co be 
used for cleaning the permanent magnets of watt-hour meters. 

A steel screwdriver should not be placed in close proximity to the 
poles of the permanent magnets of watt-hour meters for exactly the 
same reason. 

We might say something about the movements of a wire past a magnet 
or the movement of a magnet past a wire, which is discussid in the 
beginning part of Electricity One-Seven . It has been found that 
if a conductor cuts 100,000,000 lines of force per second, a 
pressure of 1 volt is produced between the ends of the wire. This 
number 100,000,000 is usually written 10 and is read 
"ten-to-the-eighth." Therefore, the formula for the voltage, or 
emf , produced is : 

E = 0 x N Q 

Where: E = Voltage 

0 = Total number of lines of force cuttin^ one wire 
N = Total number of turns of wire being cut 
= Time in seconds 

o 

Thus, if we are using only one wire and we cut 10 lines of force 
per second with it, we will produce an emf of 1 volt. If two 
turns of wire were used under the same conditions, then we would 
produce 2 volts. 



Ch'-ck-up: (1-1-2) 



!• What are some of the practical applications of the 
photoelectric cell? 

2. Describe the basic wet cell. In what direction does the 
electrolyte carry the current inside the cell? 

3. When two dissimilar metals are riveted or welded together for 
the purpose of converting heat into electricity, what is this 
cal led ? 

4. Give the most common use ol the device in question 3. 

5. When we apply pressure to a crystal of quartz we produce what 
is called piezoelectric electricity. What are some of t he 
common uses for this particular type of electricity? 

6. In your own words, state the law that exists with: (a) 
unlike charges; (b) like charges. 

7. When we rub certain materials with certain materials we 
produce electricity. What is this electricity called? 

8. Describe the three methods by which the electrical charges in 
question 7 may be dissipated. 

9. Name one natural phenomenon which occurs due to the 
accumulation of static charges. 

10. What is the transfer of a charge from one material to another 
without actual contact called? 
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Lesson 1-1-3 
MATHEMATICS REVIEW 



Recommended reference: 

Basic Mathematics for Electricity and Electronics, 



The student should note that a thorough understanding of 
mathematics Is essential In numerous trades and professions and 
particularly so in the study of electrical and electronic 
subjects. Most ot the electric phenomena are based upon 
mathematical reasoning and stated In mathematical terms. This 
course assumes that you have studied mathematics, but some review 
might be necessary because considerable time may have elapsed 
since you needed to do much calculation. For the student who has 
been away from school for sometime and feels the need to brush up 
to remove the "rustlness", a review of the fundamental 
opera tlons-both in whole numbers and fractions-is recommended. 

The electrical workor frequently meets with problems that require 
figuring. Most often the various calculations that may be 
required really depend on an understanding of mathematics. This 
lesson will indicate to the student just how much review is 
necessary. Each student must be able to judge what the individual 
need is. 

Check-up: (1-1-3) 

1. Find the sum of 131, 222, 21, and 413. 

2. Find the sum of 425, 36, 9, 215, 4, and 907. 

3. A pump operated 2 hours and 45 minutes to empty a tank filled 
with transformer oil. The meter reading showed that 4,200 
gallons were removed during the first hour, 5,420 during the 
second hour, and 3,600 during the last 45 minutes. How many 
gallons of oil did the tank contain originally? 

4. Four resistors, 100 ohms, 1,000 ohms, 39 ohms, and 470 ohms 
are connected in series. What is their toteX resistance? 

5. Using U.S. standard, the gage and thickness for sheet steel is 
as follows: No. 00 - 0.2656 Inches; No. 4 - 0.234375 Inches; 
No. 7 - 0.1875 inches; No. 13 - 0.9375 IncheB. If one sheet 
of each of the gages of sheet steel were stacked together, 
find the approximate thickness of the stack. 
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If an electric meter registers 7,968 watt-hours at one 
reading, and 10,430 watt-hours at the next reading, how many 
watt-hours were used by the customer? 

In the construction of one substation it was found that out 
of a stock of 1,037 pounds of conduit fittings there remained 
a quantity of 259 pounds. How many pounds were used? 

What is the total weight of copper in 649 transformers if the 
amount of copper in each transformer weighs 37 pounds? 

A tank has a capacity of 5,130 gallons. How many hours will 
it take to fill if oil is pumped in at the rate of 270 
gallons per hour? 

A 115 KV circuit breaker has a movable contact 7.895 inches 
long, but 0.725 inches of the contact has burned away. What 
length remains? 

Nine equal distances of 4.75 inches are marked off on a piece 
of heavy copper bus. What is the total distance marked off? 

A piece of brass tubing of 24.375 inches long is divided into 
equal parts measuring 1.625 inches in length. How many parts 
are there? 

A technician measured seven different resistors with his 
ohmeter as follows: 471 ohms, 500 ohms, 490 ohms, 452 ohms, 
460 ohms, 420 ohms, and 485 ohms. What was the average value 
of the seven resistors? 

A steel I-beam expands 0.01 percent of its length when 
exposed to the sun. Find the increase in the length of an 
I-beam 25 feet, 8 inches long. 

Gage sheet copper (#25) is 0.179 inch thick and weighs 0.811 
pound per square foot. Find the thickness of a pile of 48 
such sheets. 

From problem 15, find the weight of this number of sheets if 
each sheet has 6.25 square feet. 

A brass rod was cut into 5 pieces of lengths: 4 1/5, 3 5/8, 
6 1/2, 7 9/16, and 2 3/4 inches, respectively. How long was 
the rod if 1 1/16 inches was wasted? 

Find the difference between a pipe nipple 3 1/8 inches long, 
and one 2 3/4 inches long. 

What is the product when you multiply 2/3 by 5/7? 

In the blueprint of a substation control house, 1/4 inch in 
the print represents 1 foot in the actual house. Find the 
dimensions of the battery room that measures 2 1/2 by 4 1/8 
inches . 



I3 



Lesson 1-1-4 



CURRENT FLOW--WHAT IS IT? 



Required references: 
Electricity One-Seven , 

Basic Mathematics for Electricity and Electronics , 
Check-up: (1-1-4) 

1. What Is current flow? 

2. What makes an atom release Its '"free" electrons? 

3. According to the electron theory, In which direction does the 
current move: (a) external to a battery, or (b) Internally? 

4. Describe the action of "free" electrons in a wire when 
current starts to flow. 

5. Are any of the "free" electrons lost as a result of current 
flow? 

6. What is the Instrument used to measure current flow called? 

7. If we are passing a current at the rate of 1 coulomb per 
second: (a) What practical unit Is used to measure the 
current that is flowing? (b) What does an instrument used to 
measure current actually measure according to the electron 
theory? 

8. How many amperes (a) in 1 milliampere; (b) in 1 microampere; 
(c) in 50 microamperes; and (d) in 40 mi 1 1 1 amperes ? 

9. Describe what is meant by "potential difference," "voltage," 
and "emf." 

10. What is the practical unit of electric potential? How many 
in 1 KV? 
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Lesson 1-1-5 



USING FORMULAS FOR PROBLEM SOLVING 



Recommended reference: 

Basic Mathematics for Electricity and Elfectronlcs 



mathematics and deals with the 
applying the correct formula. 
In letters and signs Is called 
of stating a rule. Also, the 
with weights and measures so 
often that It Is absolutely necessary that the systems of 
measurement be understood. The metric system was Invented for 
simplicity. The terms "kilowatts," "kllohertz," "ml 1 1 1 ampe r e s , " 
and others used commonly In electrical work, are akin to the 



This lesson continues the review of 
solution of practical problems by 
You may remember that a rule stated 
a formula. It Is a shorthand way 
practical person comes In contact 



metric system. We often find It convenient. If not necessary, 



be able to change measurements In the common 
equivalent in the metric system, or vice versa. 



system to 



to 
an 



Measures of Length 

12 Inches = 1 foot 

3 feet « 1 yard 

1,760 yards » 1 ml le 

5,280 feet - 1 mile 



Square Measure 

144 square Inches =« 1 

9 square feet » 1 

4,840 square yards =» 1 

640 acres * 1 



square foot 
square yard 
acre 

square mllo 



Measures of Volume 

1,728 cubic Inches = 
27 cubic feet 



Liquid Measure 

cubic f t . 231 cubic In. 
cubic yd. 0.1337 cubic ft, 
7.48 U.S. gal. ' 



1 U.S. gal. 
- 1 U.S. gal 
1 cubic ft. 



Metric and English Conversion Table 



1 centimeter 
1 millimeter 
1 meter 



1 kilometer 



0.3937 inch 
0.03937 inch 
39 .37 inches 
3.2080 feet 
1.0936 yard 
0.6214 mile 



1 Inch » 2.54 centimeters 

1 Inch « 25.4 millimeters 

1 foot « 304.8 millimeters 

1 foot « 0.3048 meter 

1 yard « 0.9144 meter 

1 mile 1 .609 kilometer 



Check-up: (1-1-5) 

1. A tool box measure 2-feet 3-lnches long, 18-lnches wide, and 
is 1-foot deep. What Is the volume/ 

2. What is the volume of a cylindrical oil taak 3-feet in 
diameter and 6-feet, 6-lnches high? 

3. If 1 gallon equals 231 cubic Inches, what is the capacity of 
the above tank in gallons? 
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4. How many cubic feet of cement are required for a retaining 
wall that is 20 feet long, 8 feet high, and 2 feet thick? 

5. A forged steel shaft for a generator is 18 inches in diameter 
and 10 feet long. If forged steel weighs 0.283 pounds per 
cubic inch, what is the weight of the shaft? 

6. What is the distance across the corners of a square nut that 
is 2 3/8 inches on a side? 

7. An 8-foot high chain-link fence is to be installed around the 
perimeter of a distribution substation. The area to be 
enclosed measures 180 feet by 125 feet. Hov many square feet 
of fencing will be required? 

8. A man's height is 174 centimeters. What 5s his height in 
feet and inches? 

9. What is the diameter in inches of the bore of a 75 millimeter 
gun? 

10. A pipe used as a conduit for electric wires has an inside 
measurement of 2.17 inches and an outside measurement of 2.39 
inches. How thick is the pipe? 

11. A flat copper bar to be used behind a switchboard is required 
to be exactly .500 inch wide. When measured by mic rome te r 
caliper the width is found to be .499 inch. How much too 
small is it? 

12. In an induction motor the rotating part, which is called the 
rotor, is surrounded by a stationary part called the stator. 
In order ihat the rotor may revolve freely, the hole in the 
stator must be somewhat larger than the rotor. This leaves 
what is known as an air-gap between the rotor and stator. If 
the hole in the stator is 24.375 inches in diameter and the 
diameter of the rotor is 24 inches, what is the width of the 
air gap? 

13. A microwave antenna tower Is held In position by three guy 
wires that reach the ground 49 feet from the foot of the 
tower. Find the length of the guy wires if they are fastened 
to the tower 70 feet from the ground. 

14. A circuit breaker that is equipped with a pneumatic operator, 
air-compressor and control system has a normal operating 
pressure of 225 p.s.i. For closing the breaker, air is 
admitted to the mechanism cyclinder by an electrically 
operated control valve. If the closing piston had a 3-inch 
diameter, what force would be exerted to close the circuit 
breaker? 
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USING 



FORMULA 



where: a, b, c, d, s denotes length & width 

A, denotes area & V, denotes volume. 




SQUARE 




RECTANGLE 



-< — a — 


— >* 


/ 


/ 




y 
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PARALLELOGRAM 



I A:r a /l 



CUBE 





RIGHT 
TRIANGLE 



y/h^ OBLIQUE 
\\n TRIANGLE 



RECTANGULAR 
CONTAINER 



CYLINDER 




CIRCLE 



ci rcumference 

diameter 

radius 
3.14 



ERIC 





13 



MAGNETISM 



You are to acquire from your study of the following lessons: 

1. Aa understauamg ot the relat ionjihip between the direction of 
current flow and the direction of the magnetic field around a 
current^carrying wire and a current-carrying loop or coil* 

2. An ability to apply the rules for finding the direction of the 
magnetic field around a current-carrying conductor and 
determining the magnetic polarity in a loop or coil. 

3. A knowledge of how the magnetic field strength can be 
increased in a current-carrying coil. 

4. An understanding of the principles and operation of basic 
meter movements. 

Directions: 

1. Keeping the study-help questions in mind, carefully study the 
required reference and any additional references assigned by 
your instructor. 

2. Familiarize yourself with all new words, terms, and 
definitions. Add ^hem to the list in your notebook. 

3. Sketch in your notebook the magnetic fields of conductors and 
coils, and the basic ammeter movement. 

Study- help questions: 

1. How do you apply the left-hand rule for a conductor carrying 
current ? 

2. How do your apply the left-hand rule for current-carrying 
coils? 

3. What is the principle of the electromagnet? What are some of 
the industrial applications of the electromagnet? 

4. How is it possible to increase flux density in the magnetic 
field of a coil? 

5. What are the two common methods of increasing field strength 
in a current-carrying coil? 

6. What is a horseshoe type magnet? How is it used in electric 
meters? 

What is a ferromagnetic material? 
What is meant by "reluctance of a material? 
Name the parts of a current-measuring meter. 
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Lesson 1- 1-6 



MAGNETIC FIELDS 



Electricity One-Sevt ,i, 

Check-up: (1-1-6) 

!• Remembering that the left-hand rule is based on the electron 
theory that current flow Is from the negative to the positive 
terralnrls, state the left-hand rule for: 

a. a conductor carrying current 

b. a coil of wire carrying current 

2. If you suspend a coll of wire by a thread so that It can move 
freely, what happens when you pass a current through it? 
What does this prove? 

3» In what two ways can you increase the strength of magnetism 
in a coil carrying current? 

A. In what way can you further Increase the flux density and, 
therefore. Increase the magnetism of the coll? Why is this 



5. What do you use to determine the direction of a magnetic 
field around a current-carrying conductor and how can you 
verify the results? 

6. How can you show the pattern of the lines of force around a 
permanent magnet or around a ceil of wire carrying current? 

7. How can you verify the assurrption that the magnetic lines of 
^orce travel from a north poxe to a south pole? 

8. What sort of a pattern of magnetic field exlrts around a 
straight conductor carrying current? 

9. A horseshoe magnet consists of a horseshoe-shaped piece of 
iron with a coil of wire wound around each end. The colls 
are wound in the same direction. What will happen if the 
direction of one of these coils is reversed and current is 
passed through the coils? 

10. Do lines of force ever cross or unite with each other? 

11. Where is the magnetism of a magnet concentrated? 



so ? 



ERIC 




12. Why is it important to handle watt-hour meters carefully? 

13. State the law that applies to like and unlike poles of a 
magne t ? 

14. Why do lines of force travel easier through iron than through 
air? 

15. How do we shield an instrument from the flux lines of a 
magnetic f ield? 

16. What polarity does a piece of iron assume when placed in a 
magnetic field? 

17. When a piece of magnetic material has all of the lines of 
force that it will hold, what do we say about it? 

18. Is there any material that magnetic lines of force will not 
pass through? 

19. What is a solenoid coil? 

20. What is the difference between a fuse and a magnetic circuit 
breaker? 
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Your study of the lessons which follow will provide you with: 

!• A knowledge of voltage (emf) and how it causes current to flow 
ill an electric circuit. 

2. An understanding of how and why emf must be maintained in 
order to cause a continuous current flow, and a working 
knowledge of how this emf or voltage is measured. 

3. The ability to determine the proper voltage to be used on 
electrical equipment designed to operate with a certain amount 
of current f I ow. 

4. An understanding of what resistance is, factors controlling 
resistance, how resistance is measured, and how it controls 
current tiow. 

Directions : 

1. Use the study-help questions as a guide to your study. 

2. Become tetmiliar with all new words, terms, and definitions in 
order that you can carry on an intelligent conversation with 
your fellow workers. 

3. Study additional information in the various reference 
materials recommended by your instructor. 

4. Keep your notebook up to date with sketches, terms, and notes 
on the material you are studying. 



Study- help questions: 
I . 

2. What is voltage? 

3. What is meant by 
to produce emf? 
work? 

4. What is the name 
How must this in 



VOLTAGE AND RESISTANCE 



methods may be used 
important in your 

to measure voltage? 
circui t ? 



What causes current to flow in an electrical current? 



emf? How many different 
Which 'nethod is the most 



givc?n the instrument used 
strument be connected in a 
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Lesson 1-1-7 



WHAT CAUSES CURRENT FLOW 



Required reference: 
Electricity One-Seven » 
Additional Information: 

EMF : Electro mot I ve force or potential may be thought of as 
analogous to hydraulic pressure in water pipes. Electricity will 
always fl'^w, or try to flow, from poiuts of higher potential to 
points of lower potential. Hydraulic pressure causes water to 
flow through a system of pipes. Electric potential or voltage 
will cause an electric current to flow along a wire or conductor 
which provides a closed circuit. Voltage is always measured as 
the <ifference in electrical pressure or potential between two 
points. If the difference of potential between two points is 
great, there will be a strong tendency to produce a flow of 
current between them. If their potentials are equal, there will 
be no current flow. 

The earth has been arbitrarily taken as having zero potential, but 
since the earth, even though a good conductor, has some 
resistance, as do all conductors, all points on the earth's 
surface may not be at exactly the same potential. It is for thl8 
reason that power stations are provided with the best ground grid 
that *i economically feasible to l<':iit the rise in ground 
potential when large amount, of current may be flowing through the 
earth due to faulted power lines or insulation failure on power 
equipment . 

Check-up: (1-1-7) 

1. Of the six different sources of electricity, which ones are 
used most frequently to supply voltage for the use of electric 
power? 

2. What are the three basic elements of an electrical current? 

3. State the conditions necessary to have current flow in a 
circuit? 

4. Can voltage exist without a complete electrical circuit? 

5. What effect does voltage have "* n controlling current in a 
clrcui L? 
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CONVCIS/TlCrs/AL 



SIMPLE CIRCUIT 



CONDUCTO/l 




SCHE^\ATIC ELECTRIC SYMBOLS 
Resistor 

_WWN/^ — Variable Resistor 



ill i Battery (The Long Line Is Always Positive) 



Ammeter 



Voltmeter 



_q/^ q Single Pole Single Throw Switch 



Fuse 
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Lesson 1-1-8 



RESISTANCE 



Re qui red reference: 
Electricity One-Seven , 
Additional information: 

Thus far we t ^ve not mentioned anything about the resistance of 
various materials, but every substance possesses resistance in 
varying amounts. Materials lik^i glass, rubber, and porcelain 
offer very high resistance to the flow of electric current. This 
r'^sistance is in the order of millions of ohms, or megohms (ohms 
times 1,000,000). Such materials as s5.1ver, copper, aluminum, and 
iron possess such small resistance that we must sometimes express 
their resistance in milliohms (ohms divided by 1,000) or microhms 
(ohms divided by 1,000,000). 

Materials which possess very high resistance are called insulators 
while those materials which have relatively small resistance are 
called CONDUCTORS. In general, good conductors of heat are good 
conductors of electricity, while poor conductors of heat are 
relatively poor conductors of electricity. 

The resistance which a material offers the flow of electricity is 
referred to as the RESISTIVITY of the material. Resistivity is 
the resistance of a given size and shape of a material under 
standard conditions. For example, a unit frequently used is 
ohm-cm or microhm-cm (the resistance of a one centimeter cube 
expressed in ohms or microhms). Resistivity of typical materials 
includes : 

Hard rubber — from 10^* to 10^^ ohm-cm (varying with humidity) 

GJass-from 10^^ to 10^^ ohm-cm 

Copper — 1 . 724 microhm- cm 

Silver — 1 .628 microhm-cm 

Aluminum — 2.828 microhm- cm 

Iron — 9.96 microhm- cm 

So we see glass and porcelain being used as insulators while 
copper, aluminum, and other metallic substances are used as 
conductors . 
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Circular Mil * The circular mil is the cross-sectional area of a 
wire whose diameter is equal to I mil (O.OOI inch). The area in 
circular mils is equal to the square of the diameter of the wire 
in mils (thousandths of an inch). Thus a wire of 10 mils (0.010 
inch) diameter would have a cross-sectional area of 100 circular 
mils. 



Wire Tables . If you will refer to page 617 of Basic Mathematics 
for Electronics, you will find a table showing the allowable 
current-carrying capacity of various insulated conductors. Wire 
gages are arbitrary standards for the measurement of diameters of 
wire. The standard in the United States is the American Wire gage 
shown here. This table is based on a room temperature of 
25-degrees centigrade, as temperature affects the current-carrying 
capacity of wires. This will be taken up later. Wire tables may 
show the current-carrying capacity for bare copper installed on a 
pole line in the air, widely separated from other conductors 
carrying current. In this case. No. 8 AWC wire would have a 
current-carrying capacity of approximately 90 amperes, which 
allows for a 50-degree centigrade rise in the temperature of the 
conductor. The National Electrical Code table shown on page 735 
of the Electrical Metermen's Handbook shows the allowable 
current-carrying capacities for several types of insulation and 
governs the installation of wires inside buildings. 

Temperature and Its Effect on Resistance. As stated before, the 
resistance of a conductor depends on its temperature. For every 
degree rise in temperature above some given point, each ohm of 
resistance is increased a constant amount. A, which denotes the 
coefficient of temperature of resistance. The temperature 

coefficient of resistance for copper at zero degrees centigrade is 
0.00427. The relation between resistance and temperature may be 
expressed by equation R " (1 + A ) 

Where R « resistance at temperature of degrees centigrade 



=» resistance at zero degrees centigrade 

A = temperature coefficient of resistance at zero degrees 
centigrade 



= temperature in degrees centigrade 

Negative Temperature Coefficient . The conductor carbon acts just 
the opposite from copper in that its resistance lowers as the 
temperature is increased, so we say that it has a negative 
temperature coefficient. You will have use for carbon in your 
work as a meterraan, in the form of discs or blocks stacked 
together to form a compress ion rheostat. A carbon rheostat will 
carry relatively large currents and operate at considerably 
above -normal temperatures. 
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Check-up: (1-1-8) 



1. Does every substance possess resistance to the flow of 
electric current? 

2. Would you use glass as a conductor of electricity? State the 
reason for your answer • 

3. A copper conductor having a diameter of 128.5 mils has a 
resistance of 0.64505 ohms per 1,000 feet. What resistance 
would it have if it had a diameter of 460 mils? 

4. What are materials having a very low resistance called? What 
is the name given to materials having a very high resistance? 

5. No. 18 copper magnet wire has a resistance of 34.3728 ohms 
per mile. What is the resistance of 1,000 feet of this wire? 

6. The resistance of a copper wire, at zero degrees centigrade, 
is 12.5 ohms . Whet will the resistance of this wire be at 45 
degrees centigrade? 

7. The resistance of a copper wire, at 20 degrees centigrade, is 
6 ohms. What will the resistance of this wire be at 30 
degrees centigrade? 

8. Silver has a resistivity of 1.628 microhm-cm. is it a better 
or poorer conductor of electricity than copper? Why? 

9. Porcelain has a very high resistivity at ordinary 
temperatures. Will this material make a good insulator? 

10. Iron has a resistivity of 9.96 x lO"^ ohm-cm. Will iron make 
as good a conductor of electricity as aluminum? Please give 
the reason for your answer. 

11. How do you tell the values of resistors? 

12. What is an ohm? 

13. In terms of ohms, how much resistance is one megohm? One 
microhm? One kilohm? One milliohm? 

14. What is a rheostat? A potentiometer? 

15. What is meant by the tolerance of a resistor? 
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Lesson 1-1-9 

ALGEBRA REVIEW 

Re qui red reference: 

Basic Mathematics for Electricity and Electronics , 



Additional information: 

Algebra is a written language or shorthand in which the sentences 
are called formulas or equations. Letters and symbols are used to 
represent definite electrical quantities with which the meterman, 
wireman, and technician will come in contact every day. Unless 
you have or acquire an understanding of some of the simple 
operations of algebra, you will be severely handicapped in 
learning the fundamentals of electricity. This course does not 
pretend to teach a course in algebra, but a short review of the 
fundamentals will point up any shortcomings the student may have. 



Check-up: (1-1-9) 
Addition (find the sum of) 
1. 37, -67, 96, 105, -3 



2 2 
2. a -2ab +b 



3. 3x -5y -8 
3x -^Sy -8 



4. 6x -7a, 4a, Ax +10a +17 



5. 3x + y, 7x -2y, 5x +4y 



-3ax, 14ax, -25ax, 19b, 16ax 



Subtraction : 

7. From 6xy -13h take lOxy -4k 

2 2 2 2 

8. From a +2ab +b take a -2ab +b 

2 2 2 2 

9. From the sum^of 3a -2ab +b and 4a -5ab -b take 

4a -5ab -7b 
10. From 8x^ -lOy^ +llz^ -iZxyz 
take -13x^ +14y^ -ISz^ 



Multiply 
11 . 



(x^) (xS 



12. 



(a^) (a^) (-aS 



13. (3a ) (4b) - 
15. (7ax'^ -21ab^ 



14. (4x +7z) (6r) 



. 2v 2,3 4. 

■3x ) (2a b X ) 
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When it is desirable to consider as a single quantity an 
expression involving several numbers or symbols, the expression is 
enclosed in a parenthesis. This parenthesis may then be used in 
operations as if it were a single number, as in fact it is, 
excepting that the operations inside the parenthesis may not yet 
have been performed and the result simplified. In working 
problems involving signs of grouping, the operation within the 
parenthesis should be performed first. 

Some rules to remember: When a single parenthesis is preceded by 
a plus sign (+), the parenthesis may be removed, the various terms 
retaining the same signs. When a single parenthesis is preceded 
by a minus sign (-), the parenthesis may be removed, providing we 
change the signs of all the terms inside the parenthesis. 

When several parenthesis occur in an expression remove, the 
innermost parenthesis, changing the signs of the terms inside if 
the sign preceding it is minus. Simplify, if possible, the 
expression inside the new, innermost parenthesis. 



Simplify the fol lowing by removing the signs of grouping and 
uniting the like terms: 



16. (A +1)^ - 



17. (x +6) (x +7) 



18. 



2a +5b - (a +4b) 



19. lOy -10 -(-3y +4) 



20. 



a -(b -(a +4) 



21. ra -(3m -2 +p) -m -n +p « 



22. 



X -'2y +3z -(2x -3y +4z) -(-3x +z) 



23. 



17 -(2 +(3 -7) 



24. 2x -(3x -(x-y) -y) 



25. 



19 -3 -(4 -(-6 +10) 



Divide : 
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In the last few years small, portable, battery-operated electronic 
calculators have become most popular with engineers, technicians, 
students, and all sorts of people who are required to do 
mathematics or calculations. As with the slide, these devices are 
available in a large variety of price ranges. Calculators are 
available that will perform most any function commonly used in the 
solution of electrical problems. They, of course, have many 
advantages over a slide rule, being much more accurate, and most 
will automatically place the decimal point. The better 
calculators have rechargeable batteries, are fully portable, easy 
to operate, and not only can perform addition, subtraction, 
multiplication, division, squares and square roots, but will 
operate with numbers in scientific notation (powers of ten). If 
one wishes to spend the money, a calculator that is programmed for 
trigonometry is a time saver when making calculation for A-C 
ci rcui ts . 

This author believes that the serious student will benefit more 
from this course of study if one will procure a calculator as very 
few people actually enjoy performing mathematical calculations. 
When one must spend hours adding, subtracting, multiplying, or 
dividing to obtain an answer, the solution of simple problems can 
be exceedingly tedious and we are mainly Interested in the 
cnswers. When the student has a device to assist him in arriving 
at the answer, the calculations of these problems actually become 
enjoyable, particularly when the solution is proving or 
illustrating one of the basic concepts of electricity. 

On the next page you will find a few examples to practice on. You 
can test your ability with a calculator by checking your answer 
against the answer given. 
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EXAMPLES FOR CALCULATOR PRACTICF 



Multiplication and Division 



Square Root 



1. 11 X 402 = 138 

32 

2. 14 X 525 = 156 

47 

3. 24.5 X 43.4 = 0.294 

3620 

4. 1.35 X 3.16 = 0.688 

6.2 

5. 2.28 X 0.0125 = .00654 

4.36 

6 . 7.63 x 2.34 = 0.735 
24.3 

7. 2.56 X 1.78 = 0.615 

7.4 

8. 82.5 X 9.3 = 13.6 

56.5 

9. 32.6 X 22.1 ^ 77.9 

9.25 

10. 0.64 X 32 X 5.6 = 114.7 

11. 16.3 X 1210 X 3.65 x 243 = 17,490,000 

12. 5A2 2.24 
2.42 

13. - 2.34 
3.14 



14. ^Tlo = 2.12 

15. \fr:35"= 1.29 

16. 1/20.50 = 4.53 

17. -\Il9000 = 137 

18. '\i32400 = 180 

19. \l593.50 = 24.3 



20. AI108.8 = 10.4 



21. io^ 



084200 = 0.290 
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LESSON 1-1-10 



EQUATIONS 



Required reference: 

Basic Mathematics for Electricity and ElectroniC8 » 

Many problems that are solved by means of algebra Involve the 
equation in one form or another. It is only through an 
understanding of the equation that one gains the ability to change 
a formula to other forms that are more convenient for certain 
computations. This makes the equation the most important tool of 
algebra. Some equations are very easy to solve; but in many 
cases, the solution of an equation is by no means a simpla matter. 
The practical solution of equations depends on the application of 
the axiom that states: If equal numbers be added to, subtracted 
from, multiplied by, or divided by equal numbers, the results are 
equal. In multiplying or dividing both sides of an equation by a 
literal expression which Involves the unknown, it should be 
observed that the resulting equation may have the solution */hich 
the original equation did not possess. The solutions of equations 
involve most of the other mechanics of algo^bra. 

Check-up: (1-1-10) 

Solve for the value of x in the following equations: 



1 . 


5x -8 = 


2x +7 




2. 


8x +3 


- 3x +13 


2. 


4x +3(2x 


-4 (x 


-2) - 72 -6x 


4. 


6x +8 


-23x - 16x -3 


5. 


7(2x -6) 


-8 = 


lOx +10 


6. 


2x -3 


= 3x -7 


7. 


4x -10 = 


2x +2 




8. 


300x 


-250 = 50x +750 


9. 


2.5x +0. 


5 = 1. 


5x +1.5 


10. 


4(4x 


-6) +2(2x-3) = 



5(2x-6) -10 

Solve for the unknown: 

U. 16-(2y -3) = 2y +3 12. 10-(E -2) -E - -27 + (E +3) 

If F stands for number of degrees Fahrenheit scale and C for the 
number of degrees Centigrade: 

C = _5 -32) And F - +32 
9 5 

13. 176°F = ? in C 14. 24°C = ? in F 15. 55°C =■ ? F 
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Lesson 1^1^11 



PROBLEMS INVOLVING RESISTANCE AND WIRE SIZES 



Required references: 

Basic Mathematics for Electricity and Electronics , Fifth Edltloa, 

Electricity One -Seven , 
Check-up: (1-1-11) 

1. In wire measure: (a) what Is a mil? (b) what Is a circular 
mil? (c) what Is a mil-foot? 

2. What Is the circular mil area of a wire 0,289 inch in 
diameter? 

3. What is the diameter of a wire containing 1,024 circular 
mils? 

4. What is the diameter of a wire containing 83,690 circular 
mils? 

5. What area in circular mils will a circle having an area of 
2»65 square Inches have? 

6. A rectangular bus bar 1/4-lnch thick by 4-inche8 wide vould 
have how many circular mil? 

7. What is the resistance of 10 miles of copper wire 1/2 inch iu 
d lame ter ? 

8. What size wire (B & S) will have a resistance of practically 
one ohm per 1 ,000 feet? 

9. What wire, American gage should be used to transmit electric 
power 2 miles (2 miles out and 2 miles back); resistance 
should not exceed 2,7 ohms, temperature at 20 degrees 
centigrade? 

10. How many miles of No* 00 wire will it take to make 8 ohms? 

11, What is the resistance of 500 feet of No* 14 copper wire at 
25 degrees centigrade? 
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12. What size wire will have a resistance of practically one ohm 
per 1,000 feet? 



13. A relay has a coil that measures 150 ohms resistance. The 
coil has 750 turns of about 6 inches in average length. What 
size wire is the coil wound with? 

14. What size -^111 an aluminum wire be which has the same 
resistance as a No. 4 copper wire? (Where K is the ohms 
resist ce of one mil-foot of the kind of wire used, L is the 
lengtu of the wire in feet, and CM. is area of the wire.) 

Hint : R - K x L 
CM. 

Note: The ohm/mil-foot of aluminum is - 17 

15. Find the resistance of 1,000 feet of No. 4 aluminum wire. 

16. No. 8 copper wire has a resistance of 0.641 ohm per 1,000 
feet. What is the resistance of two miles of this wire? 

17. A square conductor that is 0.50 inch on a side has a 
resistance of 0.004 ohm. Another square conductor that ifi 
0.25 inch on a side is of the same material and the same 
length. What is the resistance of the second conductor? 

18. The resistance of a power line wire constructed from No^ 0000 
aluminum was measured and found to be 0,96 ohm. If No. 0000 
aluminum has a resistance of 0.0804 ohm per 1,000 feet, find 
the length of the wire. 

19. No. 2 copper wire, which has a diameter of 0.258 inch, has a 
resistance of 0.840 ohm per mile. What is the resistance of 
800 feet of No. 6 wire which has a diameter of 0.162 inch? 

20. It is desired to install a conductor to carry 40 amperes, 
what size copper wire should be used? 
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Lesson 1-1- 1 2 



PROBLEMS INVOLVING RESISTANCE AND TEMPERATURE 



Required references: 



Basic Mathematics for Electricity and Electronics , 



Electricity One-Seven , 
Check-up: ( 1-1-12) 



The fie Id-magnet winding of a 230 volt dc generator has a 
resistance of 34.0 ohms at 20 degrees centigrade. Find the 
resistance of the winding, which is copper, when the 
temperaure rises to 55 degrees centigrade. 

The resistance of the secondary of a transformer was 2.50 
ohms at 20 degrees centigrade. After the transformer had 
operated under full load for 6 hours, the resistance of the 
secondary was measured and found to be 2.99 ohms. What was 
the final operating temperature? 



The resistance of 
centigrade. What 



a copper wire is 6.4 ohms at 10 degrees 
is it at 75 degrees centigrade? 



The cold resistance (20 
was 3.64 ohms. The hot 
the temperature rise? 



degrees centigrade) of an armature 
resistance was 4.86 ohms. What was 



How does the icrease 
all pure metals? 



of temperature effect the resistance of 



6. What is the length of a 250 pound coil of No. 12 wire? 

7. What is the temperature coefficient of resistance? 



8. The primary coils of a transformer has a resistance of 5.48 
ohms at 30 degrees centigrade. After a run of 4 hours, the 
resistance has risen to 6.32 ohms. What is the temperature 
rise of the coil? 



9. Certain substances, notably carbon, porcelain, glass, certain 
semi-conductors such as geranium and metal oxides, decrease 
in resistance very rapidly when heated. Their temperature 
coefficient is said to be what (positive or negative)? 

10. Alloys with zero temperature coefficients can be compounded. 
That is, the resistance of conductors composed of these 
alloys remain practically constant at all ordinary 
temperatures. Their temperature coefficients are 0.0. 
Judging from what you have learned from this lesson, do you 
think such an alloy would make a good remote temperature 
detec tor? 
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ELECTRICAL THEORY 



UNIT II 
DIRECT-CURRENT CIRCUITS 



This unit contains the following lessons: 

D-C SERIES CIRCUITS 

Lesson l*-2*-l: Ohm*s Law and Series Circuits 
Lesson 1-2-2: The Mathematics of D-C Circuits 

D-C PARALLEL CIRCUITS 

Lesson 1-2-3: Electric: ?ower - Rate of Doing Work 
Lesson 1-2-4: D-C Parallel Circuits 
Lesson 1-2-5: Ohm's Law Applied to Parallel 
Circuits 

D-C SERIES - PARALLEL CIRCUITS 

Lesson 1-2-6: Volte 'e, Current, and Resistance in 
Series-Parallel Circuits 

Lesson 1-2-7: Voltage-Divide and Distribution 
Circuits 

Lesson 1-2-8: Kerchoff's Laws Applied to Complex 
Ci rcui ts 
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D-C SERIES CIRCUITS 
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The lessons which follow are intended to give you: 

1. An understanding of the various factors necessary in order to 
have a complete electrical pathway (circuit) • 

2. A knowledge of the characteristics that distinguish a d-c 
series from the other types of d-c circuits. 

3. The ability to solve elementary problems by the use of 
formulas and a working knowlege of Ohm's Law as applied to 
series circuits. 

4. An understanding of the symbols and terms used in the 
established rules or formulas for elementary circuits. 

Directions: 

1. The study-help questions should be kept in mind as you study. 

2. This unit is presented on a progressive basis. Therefore, ycu 
should thoroughly understand each topic before taking up the e 
which follow it. Write out and hand in to your instructor the 
answers to all check-up questions. Where problems are 
involved, show your work. 

3. Enter in your notebook, diagrams of series circuits found in 
yout study material and in your work on the job. 

Study -Help Questions; 

1. The old fashioned string of Christmas tree lights would fail 
to burn If any one of the bulbs were faulty. Why is this so? 

2. Can yon explain why the resistance of a series circuit is 
equal to the sum of the individual resistances? 

3. What is a "short" circuit? What are some of the common 
causes? 

4. What is an "open" circuit? A "closed" circuit? What are some 
of the devices and methods used Viien it is desirable to open 
and close circuits? What are some of the courses that open a 
circuit when it is not desirable? 

5. How did Ohm's Law applied to d-c series circuits? 

6. Why is the current in all parts of a series circuit the same? 

7. Why is the commercial use of series circuits limited? 
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Lesson 1-2-1 



OHM'S LAW AND SERIES CIRCUITS 



Before undertaking the study of d-c circuits, it is important that 
you take the time to understand thoroughly what a circuit is. In 
any electrical circuit, it should be clearly estaolished that 
electrical energy must have a certain pressure (emf — volts) in 
order to accomplish anything. The resistance offered to the flow 
of electrical energy along a length of some conduct-material is an 
important related factor. 

Required reference: 

Electricity One-Seven , 

Check-up: (1-2-1) 

1. What constitutes an electric circuit? 

2. Explain tn your own words the difference between an "open" 
and "closed" circuit. 

3. What is the primary function of a switch in a'l electric 
ci rcui t? 

4. State Ohm's Law. What are the three way^ this law may be 
written? 

What are the units of the following and defi n e each: 

a. Electromotive force (E) 

b. Current (I) 

c. Resistance (R 'yr )? 

6. What symbols do we use for the following: (a) amperes, (b) 
-olts, (c) ohms, (d) potentiometer, (f) fixed resistor, (g) 
rheostat, and (e) watts? 

7. Of what does a series circuit consist? 



8. 
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What is the total resistance, R , or R , R R and R, , 
connectedinseries? ^ ^ • ^ 

How does the voltage divide pmong the various resistors 
connected in a series circuit? 

In a series circuit what is the value of the current in any 
part of the circuit in terme of the total current? 
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!!• What is meant by "voltage drop"? 

12, What constitutes a "short ci: :it"? 

13, How do series power sources affect current? 

14, What are some of the causes of an "open circuit"? How c 
you find where the circuit is open? 
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Lesson 1-2-2 
THE MATHEMATICS OF D-C SERIES CIRCUITS 


Required reference: 


Basic Mathematics for Electricity and Electronics, 


Check-up: (1-2-2) 


1. 


How much resistance does a resistor have if 1 ampere flows 
through it when 10 volts are applied across it? Show your 
wo r k • 


2. 


What amount of current will flow if you apply 100 volts to a 
100-ohm resistor? 


3. 


A voltmeter across a resistor reads 50 volts and an ammeter 
in series with the resistor reads 1.5 amperes. What is the 
value of the resistor? 


4. 


What voltage is necessary to force 2 amperes through a 20-ohm 
res is tor ? 


5. 


An electric iron draws 5 amperes from a 120-volt line. What 
is the resistance of the iron? 


6. 


A current of 1 milliampere flows through a 2,000-ohra 
resistor. What is the voltage applied to the resistor? 


7. 


What is the voltage across a resistance of 1 megohm when 2 
milliamperes flow through it? 


8. 


A buzzer requires 150 milliamperes at 1.5 volts to operate 
it. How much resistance does it have? 


9. 


If a 1-milliampere maximum-rated milliammeter having a 
resistance of 27 ohms is connected across a 12-volt battery, 
how much current will it draw? What will happen to tho 
milliammeter? 


10. 


If a 1-ampere maximum-rated ammeter having <: resistance of 79 
milliohms in series is connected with a load consisting of 12 
ohms, and a vol*-age of 120 volts is applied across the 12-ohm 
load and the ammeter, what will happen to the ammeter? How 
much current will it draw? 


] 1 . 


From the disastrous results obtained in problems 9 and 10, 
what is your general conclusion regarding the use of 
ammeters? How should they always be connected in a circuit? 
Should the resistance of che load be checked before applying 
the ammeter to the circuit? If so, why? 


o 
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12. If a voltmeter having a resistance of 1940 ohm is connected 
in series with a load consisting of 60 ohm and requiring 120 
volts to operate it, what will be the result? 

13. From the results obtained in problem 12, what are your 
conclusions as to how a voltmeter should be connected in a 
circuit? 

14. Given three resistors of 2 ohms , 5 ohms , and 10 ohms, 
respectively, connected in series, what is the total 
resistance of this combination? 

15. Eight lamps, 30 ohms each, are connected in series and 120 
volts is applied to this series circuit. (a) What current 
f lo ^ through each lamp? (b) What voltage would appear 
across each lamp? 

16. Two wires lead from a pole to a house. The resistance of 
each wire is 0.35 ohm. When the current is 50 amp and the 
voltage between wires at the pole is 124 volts: (a) How much 
voltage drop is there in the line (both wires combined)? (b) 
What is the voltage between wires at the house? 

17. If the current is only 10 amp in the same line described in 
question 16: (a) How much voltage drop in the line? (b) 
What is the voltage between the wires at the house? 

18. A 10-ohm resistor is connected in series with another 
reeistor of (unknown substance) to a 120-volt source. The 
voltage measured across the 10-ohm resistor is 48 volts. (a) 
How much current flows in each resistor? (b) Find the 
resistance of the second resistor? 

19. A switchboard lamp requires 400 ma to make it glow. The hot 
resistance is 312 ohms. What pressure is required? 

20. An electromagnet has a resistance of 65 oh-ns. It will lift a 
certain load o* iron when the current through it is 5 amp, 
but will not drop the load until the current is reduced to 
3.5 amp. What voltage is required: (a) to lift, and (b) to 
release Lhe load? 
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D-C PARALLEL CIRCUITS 



You are to acquire from your study: 

I. A knowledge of what electric power is and an understanding of 
the various related factors such as units of electric power, 
power rating of equipment, and how equipment is protected by 
fusing. 

!• An understanding of d-c parallel circuits and connections--how 
resistance affects current flow through the parallel branches 
of the circuit and how voltage across each resistance is 
af fee ted • 



3. An understanding of the symbols and terms used in the 
established rules or formulas dealing with parallel circuits. 

4. The ability to solve elementary problems by the use of Ohm's 
Law when applied to parallel circuits. 



Directions: 



1. Study the references as directed. Write out and hand in to 
your instructor the answers to all check-up questions. Use 
the study-help questions as a general guide to your study. 

2. Ask your shop foreman and class instructor to assign typical, 
practical problems that will give you a greater opportunity to 
master procedures and techniques needed to solve 
parallel-circuit problems. 

3. Have your instructor or shop foreman check all of your 
problems and answers until you have gained experience and 
confidence in making calculations. 

Study-help questions: 

1. How does a parallel circuit differ from a series circuit? 

2. In a parallel circuit why is the voltage rating the same when 
applied to each resistance and when connected across a voltage 
source? 



3. Why does current Ilow divide unequally in different types ot 
electrical equipment connected in parallel? 
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4. How do you determine the total resistance of equal resistances 
connected in parallel? 

5. How do you determine the total res-'stance when unequal 
resistances are connected in parallel? 

6. Why is a knowledge of algebra so helpful in acquiring an 
understanding of electric circuit problems? 
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Lesson 1-2-3 



From the previous assginment you have learned what factors are 
necessary in order to have an electrical circuit. You have also 
learned how Ohm's Law is applied to simple and series circuits. 
Before studying other types of d-c circuits, take the time to 
become familiar with what electrical power is and how it is 
measured • 

Required reference: 
Electricity One-Seven > 
Check-up: (1-2-3) 

1. Define "power" and give its symbol. 

2. What is the basic unit of power? What does this unit equal 
in terms of voltage and current? 

3. Give the two variations of the power formula using Ohm's Law. 

4. Why are appliances such as lamps, ironf, soldering irons, and 
resistors, rated in watts? 

5. If two resistors, one naving a resistance of 18 ohms and the 
other having a resistance of 7 ohms, are connected in series, 
and a /oltage of 15 volts is applied to the circuit: (a) how 
much power is being used in each resistor, (b) what is the 
total wattage being used? 

6. The 7-ohm resistor in problem 5 is a 10- watt unit and the 
18-ohm resistor is rated at 2 watts. What will happen to the 
resistors in this problem? 

7. One horsepower is equal to 746 watts and this is often used 
in the rating of an electric motor. What would the rating in 
kilowatts be if a motor is rated at 50 horsepower? 

8. The resistance of a 600-volt voltmeter is 69,120 ohms. What 
amount of power is used when the volttceter is connected 
across ^80 volts? Show how you would check this. 

9. What is the rating in hor8e>:)wer of a motor which draws 
46.625 amperes from the line at 480 volts. Expressed in 
kilowatts, what is the rating of this motor? 

10. What is a fuse? How is it used? 
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BRIGHTEST LIGHT QUIZ 



In each of the circuits (A-J) below, oil of the bulbs have the same voltage and 
rent rating. Because of the way in which they are connected, however, one bul 
in each circuit lights up brighter than the others. Can you find it? Check the b 
you think is the bright one. 




(A) (B) (C) (D) (E) 

(F) (G) (H) (I) (J) 

ERIC , 4 J 

HsaMaa For answers, see page 



Less o n 1-2-4 



D-C PARALLEL CIRCUITS 



Required reference; 
Electricity One-Seven . 
Check-up; (1-2-4) 

1. Is the total resistance of two resistors connected In 
parallel more or less than the value- of the smallest 
resistor? 

2. Explain how the current flows In a circuit having two unequal 
resistances connected In p-rallel. Two equal resistances. 

3. If we have N numbers of resistors of equal value connected in 
parallel, how do we find the total resistance of the circuit? 

4. What Is the combined resistance of four 100-ohm resistors 
connected in parallel? 

5. What is the formula for finding the total resistance of two 
unequal resistors connected in parallel? 

6. What doer; the voltage equa?- , in terms of the total voltage, 
across each resistor in the circuit when the various 
resistances are connected in parallel? 

7. What does the current equal, in terms of ths total current 
across each resistor in a circuit when the various 
resistances are connecte" in parallel? 

8. Must all of the resistors connected in parallel in a circuit 
have the same voltage rating such as an electric razor, a 
vacuum cleaner, a dryer, and a water heater? 

9. You will remember the formula for finding the total 
resistance of a number of resistors connected in parallel: 



From this formula please develop the formula for finding the 
total resistance of any number of resistors connected in 
parallel: R « ? 

10. Supply the missing words: In a parallel circuit, the same 

_ — is applied to each branch. The total current 

is equal to the sum of the In the Individual 

branches, and the effective resistance is equal to the 

^PPl^^^ divided by the total ; "it is 

^^"^y^ than the lowest resistance in the 

circuit. 
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11. A lamp is marked 125 volts and 20U watts. What current does 
it require? 

12. What is the resistance of a 400-watt toaster which is made 
for use on a 120 volt circuit? 

13. (a) Compare the power (watts) used by a 29-ohm heater when 
operated on a 240-volt line; and (b) When operated at 
one-half voltage (i.e., on a 20 volt line). 

14. Four lamps of equal voltage and power rating are connected ir 
series across a 440-volt line. The current through the lamps 
is 0.909 amp . (a) What is the power expended in each lamp? 
(b) How much is the resistance of each lamp when this amount 
of current is flowing? 

15. (a) A 20,000-ohm resistor is rated 10 watts. What is the 
maximum current it can carry without exceeding its 10-watt 
rating? (b) What is the maximum voltage that could be 
dropped across this resistor without exceeding its 10-watt 
rating? 

16. A 12-volt battery is charged at a 5-amp rate for 24 hours. 
How many KWH of energy is put into the battery? 

17. (a) A motor takes 5 amps on a 120-volt line. Find the 
horsepower output. (b) Find the KWH of energy consumed if 
this motor runs continuously for 24 hours. (c) Find the cost 
of operating the motor if energy costs two cents per KWH. 

18. A 120-volt power supply is connected to three r^fsistors 
connected in series. The first resistor is 5 o.ims. An 
ammeter indicates 6.2 amp of current flowing in this series 
circuit. If the voltage across the third resistor is 62 
volts: (a) What is the value of R ? (b) How much power is 
expended in the circuit? 

19. In one test on heating a house by electricity it was found 
that it required 3*6 KWH per year to heat one cubic foot of 
space. At one and one-half cents per KWH, what would it cost 
to heat a house containing 12,000 cubic feet? 

20. If a 1,000-ohm, 10-watt resistor is connected across a 120- 
volt source, would the resistor overheat? Show why. 
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Lesson 1-2-5 

OHM'S i.AW APPLIED TO PARALLEL CIRCUITS 

Re qui red reference: 

Basic Mathematics for Electricity and Electronics , 
Check-up: (1-2-5) 

1. What Is the combined resistance of 15 ohms, 10 ohms, and 5 
ohms connected In parallel? 

2. Four 5-ohm resistors are connected In parallel in a circuit 
having 5 volts Impressed across it, (a) What is the total 
resistance? (b) How much current will flow in each resistor? 
(c) What is the total current in the circuit? 

3. What is the combined resistance of 5, 10, 20, and 15 ohms 
connected in parallel? 

A. What is the combined resistance of: (a) three 50-ohm 

resistors in parallel, (b) four 50-ohm resistors in parallel, 
(c) five 50-ohm resistors in parallel? 

5. What is the combined resistance of 125, 250, 500, and 1,000 
ohms connected in parallel? 

6. We have two resistors connected in parallel: their values are 
10 ohms and 15 ohms. If we cut the total resistance in half, 
what value of resistance will the third resistor have? How 
much current will flow in each resistor when we apply 15 volts 
to the arrangement? 

7. If 90 volts are applied to the circuit in probl2m 6: 

(a) How much current will flow in each resistor when only the 
first two resistors are connected? 

(b) How much total current will flow under thepe conditions? 

(c) How much current will flow in each resistor when wo add 
the third resistor to the circuit? 

(d) How much total current will flow in the circuit with all 
three resistors connected in parallel? 
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8. How much power is being used in each of" the three resistort 
under the conditions of problem 7? 

9. How much current will flow in each resistor in problem 1 when 
we apply 45 volts to the circuit? What is the total power 
being used in the circuit with 45 volts applied to f.t? 

10. In problem 1 we wish to cut the resistance down to a value of 
one-third, that obtained with 15, 10, and 5 ohms. How much 
will the value of the fourth resistor be when connected in 
parallel with the other three resistors? 

11. Three resistors are connected to a 120-volt line. Total 
current is 12 amps. One resistor is 20 ohms, one is 30 ohms. 
Calculate the ohme for the third resistor. 

12. When a resistor of 80 ohms is connected in parallel with a 
resistor of 120 ohms, what is the total resistance? 

13. Three resistors are in parallel: one is 250 ohms, one is 300 
ohms, one is 150 ohms. The 250-ohm resistor has a current of 
60 ma. Calculate the current in the other two resistors, and 
the total current in the line. 

14. Find the total resistance of: (a) Two 1,000-ohm resistors 
connected in parallel, (b) Four 1,000-ohm resistors connected 
in parallel. 

15. A 4~ohm, 8-ohm, 12-ohm, and 16-ohm resistor is connected in 
parallel. Calculate the combined resistance of thic parallel 
groui . 

16. How much pcwer would be expended in each of the parallel 
connected resistors in question 15 if this group is connected 
across a 120-volt source? 

17. Four resistors of 8,000, 1,500, 2,500, and 3,000 ohm are 
connected in parallel. What is the equivalent resistance oT 
the combination? 

18. What resistance must be connected in parallel with a 20-ohm 
resistance to create a 4-ohm equivalent resistance? 
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. In the circuit shown above, = 16 ohms, = 4 ohms, 1^ = 4 amp, and E = 32 
volts. Find (a) 1^, (b) I,, (c) l^, (d) R3, (e) total f^>v^er. 

. In the circuit shown above, if R^ and Rj are both 10,000 ohm resistors, and Ro 
is a 5,000 ohm resistor; the total current is 0.40 amp. What volue of resistance 
must be connected between junctions a and b to result in a total current of 0.50 
amp? 
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Answers To Brightest Light Quiz: 



Answers (A) 2_ 

(B) it 

(') 3 

(D) k 

(E) jl. 

(F) 1 

(G) it 

(H) 2 

(I) 3 

(.;) k 
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D-C SERIES-PARALLEL CIRCUITS 



You are to acquire from the lessons that follow: 

1. An understanding of how various combinations of series and 
parallel circuits can be arranged to maice up the two basic 
types of series-parallel circuits. 

2. A knowledge of how to use formulas to find the total 
resistances connected in series-parallel. 

3. An understanding of how current flows and how voltage divides 
in a series-parallel circuit. 

4. A working knowledge of Kirchhoff's Laws and how they are used 
to simplify complex circuit problems. 

Directions : 

1. Study additional references and make it a point to observe 
circuits and their components. 

2. Make sketches of the various types of circuits and use arrov^s 
to shew the direction of d-c current from the source to the 
load and back to the sourre. In this way you will be able to 
fix the three common types of circuits in mind. 

3. Write out and hand in to your instructor the answars to aU 
the check-up questions. Whei: problems are involved, show yoor 
wor k . 

Study-help questtona: 

1. What are the basic types of series-parallel circuits? 

2. Why are no new formulas needed to find the total resistances 
connected in eeries-parallel? 

3. The total circuit current depends upon what important factor 
when connected across a voltage source? 

4. What oltago drops occur in a series-parallel circuit? 

5. What two general rules make the solurion of any part of a 
complex circuit easy? 

6. Can Kirchhoff's Laws be used to determine unknown resistances 
in a complex circuit? 

7. Briefly explain Kirchhoff's First Law; Kirchhoff's Second Law, 
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Lc'^son 1"2"6 

VOLTAGE. CURRIN-T. AND REF ISTANCE IN SERIES-PARALLEL CIRCUITS 



Required references: 
Electricity One-Seven , 

Basic Mathematics for Electricity and Electronics, 



Check-up: (1-2-6) 



1. Name the steps that you would follow In determining the total 
resistance of a complex series-parallel circuit. 

2. Explain why no new formulas are necessary in ordor to find 
total resistance in a series-parallel circuit. 

3. Find the total resistance of the following «"^"8ement of 
resistors, assuming that each resistor has a value of 1 ohm. 



■V\/VW 1 \AAA/V" 

8i } Ri 



■ >vv/W * ^AA/W 

4. Find the total resistance of the following arrangement of 

resistors, the value of the resistor being: 

- 7 ohms R^ - 2 ohms R7 " 9 ohms 

- 4 ohms R5 - 15 ohms ^8 ' ^ "^"^ 
R, - 3 ohms R, - 5 ohms R« - 2 ohms 



P3 
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Upou what factor does the total current flow In a 
serxes-parallel circuit depend? 

cI;r^.^^^' of current does the sum of all of the branch 
currents equal In a series-parallel circuit? 

What does the total voltage across a series-parallel circuit 
equal in terms of the voltage drops in the various pa hs 
between the two ends of the circuit? 

Two re.lotances: R - 150 ohms, R - 200 ohms, are connected 
in paral el and thil parallel combination is connected Jn 
series with a third resistor which equals 620 ohms. If 230 

WM^i %h'' ^''^ ser..s-parallel co.binati n: ( 

Whit is the total current of ch.-» circuit? (b) How much 
power is expended in R^? 

In the series-parallel combination in queation 8: (a) If R^ 
Is short circuited, how much power will be expended in R^? 
(b) What will be the total current, if is open circuited? 

In a series-parallel circuit, a single resistor R^ equals 
5.600 ohms and is connected in series with a pair of parallel 
resistors R^ and R^. when a 1,000 volt power supply is 
connected across this series-parallel combination, 29.3 ma of 
current flows through R^. If R equals 7,180 ohms, find the 
(a) voltage across R^ . (b) voltage across R^ , (c) total 
current, and (d) total power expended in the circuit. 
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Find the total current. 
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Find the total current if C and D were short circuited. 



How much power is expended in the 3-ohm resistor in problem: 
11, if A ar I B are short circuited? 



Reduce the series-parallel circuit shown below to an 
equivalent series resistor: 



|60 V 



1 



5-^ 
_AAAAA_ 



15-^ 
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Determine the amount of power that would be expended in the 
series-parallel circuit shown for problem 14. 
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Lesson 1-2-7 



DETERMINATION OF RIGHT SIZES FOR WIRES 



Required references: 
Electricity One-Seven 

Ba&ic Mathematics for Electricity and Electronics 

In deciding upon wire sizes which should be used In any part of 
any distribution system, It Is necessary to dc»termlne accurately 
the current which each must carry. The size in each section must 
be such that the current does not exceed the amount given in the 
Bureau of Standards - National Electric Code. An electric current 
heats any conductor through which it passes. If heat is generated 
in the wire faster than it can be dissipated from the surface of 
the wire, the resulting high temperature will cause the insulation 
to deterioate. 

The voltage drops throughout the system should also be determined. 
A drop of 1) percent may be allowable in some cases, hovever, low 
voltage has a bad effect on the speed of motors and a drop of five 
percent will cause a noticable reduction In the amount of 
illamination given from incandescent lamps. Wherever excessive 
drops a^e found, larger wire must be used. 

Stranded cables larger than 4/0 do exist and are rated directly in 
circular mils. For flexibility, stranded wire is used. Number 6 
stranded has the same amount of copper, and the same current- 
carrying area, as No. 6 solid. Stranded wire is a collection of 
wires twisted together; for example. No. 18 lamp cord contains 16 
No. 30 wires, loosely twisted together in the same direction. 

Electrical conductors in high voltage transmission and 
distribution lines are usually made with copper or aluminum 
strands on the outside to carry the current, and with steel or 
ropperweld on the inside to provide tensile strength. Current in 
conductors on a-c lines tends to flow in the outer part of the 
conductor and the center carries very little current due to a 
phenomenon called "skin effect", which you will learn more about 
later in the course. Because most of the current flows in the 
outside (or skin) of the conductor, the resistance of the core is 
not considered by the manufacturer in the resistance to a-c, and 
the circular mil cross section given in most tables is the cross 
section of the copper or aluminum only and does not include the 
steel core. Standard sizes range from 200,000 CM. ( 200 MCM) to 5 
million CM. These cables may be bare or covered with any of a 
great variety of insulation raateLials, 
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Check-up: (1-2-7) 



What will be the line loss in voltage and in watts per mile 
transmitting 10 kilowattf at 240 volts if No. 00 wires are 
used? 



in 



In the circuit below, the d i stance from A to B is 200 feet, 
and from B to C is 150 feet. AB and EF are No. 6 wire, anc BC 
and DE are No, 14 wire. Load No. 1 draws 35 amperes and Load 
No. 2 draws 10 amperes. The generator develops 230 volts 
brush potential. (a) What is the voltage at Load No. 1? (b) 
Power lost in the lines is how much? 



UOAP 




LOAD 



If in problem 2 the distance from A to B is 100 feet, and from 
B to C is 300 feet, AB and EF arc No. 10 wire, and BC and DE 
are No. 14 wire. Load No. 1 requires 15 amperes and Load No. 2 
draws 7.5 amperes from the generator which develops 120 volts 
brush potential, what (a) is the voltage at Load No. 1, (b) 
voltage at Load No. 2, and (c) power lost in the lines? 

A No. 0 two-wire feeder w^s originally installed to carry a 
load of 100 amperes, but the load grew to 230 amperer>. A 
repairman attempted to help the situation by paralleling the 
line with a feeder of No. 1 size. Both feeders were 
rubber-covered wire. Do the two feeders together have 
sufficient carrying capacity? 

If we assume the lines to be 500 feet long in question 4 
above, how many volts drop could be expected with that 
Increased loading on parallel lines? How much power is 
expended in the line? 
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A generator with a constant potential of 240 volts is to 
supply power to a 12 kilowatt load one-half mile away. If 
not over 10 percent voltage drop is allowed in the line, what 
size wire must be used? 



In the circuit below, Li equals a load of 4 amperes, and L2 a 

load of 2.0 amperes. If the source voltage applied to points 

A and B is 120 volts, find (a) voltage across LI, and (b) 
voltage across L2, 



0.4 








0.4 ^ 


B 

o 


0.3 





© 



A 2-hor8epower d-c motor is to be installed on a 230 KV 
motor-operated disconnect switch. The motor draws 36 amperes 
at 48 volts when connected to its mechanical load. A 48^volt 
battery, located 100 feet from the motor, will be used to 
supply power to the motor. If it is desired to limit the 
voltage drop in the wires to not more than 2 volts: what 
size wire must be run from the battery to the motor? 

If a 2-hor8epower d-c motor, rated 125 volts, could be used 
for the 230 KV motor-operated disconnect in question 8, and 
the motor draws 14 amperes: what size wire could be used 
when a 125-volt battery is used to supply the power? Limit 
the voltage drop to no more than two volts. 

Supply the missing words: For transmitting a specified 
amount of power, the line losses can be reduced by increasing 

the (a) . (b) Power lost in the 

lines is due to the ^_ drawn by the load. 
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I.esson 1-2-8 



KIRCHHOFF'S LAWS APPLIED TO COMPLEX CIRCUITS 



Required references: 
Electricity One-Seven , 

Basic Mathemat ics fo r Electricity and Electronics , 
Check-up: (1-2-8) 



1 



In the sketch below are given the values of I^, I^, and 



5! 



Using Klrchhoff's First Law, which states that the algebialc 
sum of the currents at any junction of conductors Is zero. 



find; 



I3, I4, 




2. Solve both parts of the problem by Klrchhoff's Law: 

a. Klrchhoff's Second Law states that the algebraic sum of 
the electromotive forces and voltage drops around any 
closed electrical circuit is zero. If three resistors are 
connected in series across a voltage of 120 volts and the 
voltage drops of R^ and are 10 and 15 volts, 
respectively, what is the voltage drop across R^? 

b. Assuming that R^ is equal to 50-2/3 ohms » R^ equals 5-1/3 
ohms, and R^ equals 8 ohms, what is the value of current 
in the circuit? 



3. Using Klrchhoff's Second Law, find the voltage drops across R 
and R^ in the followiag circuit diagram. The total 



1 
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voltage is 120 volts and the voltage drops across and 

R; are 100 volts and 60 volts, respectively, (Hint: Reduce 

tnis diagram to its simplest form.) 



120V 



I 



"3 



C^t 106V 



4. Kirchhoff'8 Second Law states that in a closed electrical 
circuit the sum of all voltage drops and the electromotive 
forces in that circuit equals zero. Applying this law to the 
following circuitj ho" much current flows? 




■AAA/V 



/vw- 
3^ 



■AW- 



I I I H 



3. A battery supplies 10 amperes to two resistors of 30 ohms and 
20 ohms connected in parallel. If the internal resistance of 
the battery and the resistance of the connection leads is 
ignored, what is the battery voltage and how much current 
flows through each resistor? 

30-^ 

I A/NA/ r 



fix s ^O-O. 

I AA/V 
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6. How much current will flow in the following circuit? 

O.I Ji- 
ll^ 



3-^ 
■AAAr- 



^1 



-AAV 



-I 




14'VOtT 



7. Three resistors: R. equals 2 ohms, R, equals 5 ohms, 
equals 3.6 ohms, and an unknown resistor, are connected in 
series across a 24-volt battery whose internal resistance is 
0.1 ohm. If a current of 1.2 amperes flows in the circuit, 
what is the value of the unknown resistor? Prove this 
according to Kirchhoff's Second Law. 

8. A 60-volt battery and a generator, with the positive of the 
generator connected to the positive of the battery, supply 7 
amperes to two resistors connected in parallel. The values of 
the resistors are 15 ohms and 20 ohms. (a) What is the 
voltage c:! the generator? (b) What are the voltage drops of 
the lesistors? (c) How much current flows in each resistor? 

9. What is the value of R in the following circuit diagram? 



jVW- 



/go V«tT 
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10. We have a network of resistors as shown below, (a) Find the 
equivalent resistance between points A and C, (b) How much 
current ilows with 15 volts Impressed across A and C? 




C 



Note: An alternate solution to problem 10 Is to use the 
equations for converting from a Delta Network to an 
equivalent WYE network. 

Equivalent WYE from a Delta Network 
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ELECTRICAL THEORY 



UNIT III 
ALTERNATING CURRENT 



This unit contains the following les3ons: 
CHARACTERISTICS OF ALTERNATING CURRENT 



Lesson 1-3-1 

Lesson 1-3-2 

Lesson 1-3-3 

Lesson 1-3-4 



Review of Mathematics 
Check-Up Components of a Vect 
Check-Up A-C Fundamentals 
Check-Up 



RESISTANCE AND INDUCTION IN CIRCUITS 



Lesson 1-3-5 

Lesson 1-3-6 

Lesson 1-3-7 

Lesson 1-3-8 



Resistance in A-C 
Inductance in A-C 
Inductance 
Mutual Inductance 



Circuits 
Circuits 
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CHARACTERISTICS OF ALTERNATING CURRENT 



The lessons which follow will assist you 5n acquiring: 

1. An understanding of why alternating current is preferred to 
direct current for electric power transmission, 

2. A knowledge of important a-c characteristics and of a-c 
waveforms and their relationship to elementary generator 
operat ion • 

3. The ability to use new terms when reading, studying, writing, 
or otherwise expressing ideas of your trade, 

4. An appreciation of the importance of magnetic action in the 
genration, transmission, control, regulation, and utilization 
of electric current. 



Directions: 



1. Study the references thoroughly and make certain that you 
understand each theory and principle bf f ore advancing to the 
next topic. Familiarize yourself with all new words, terms, 
and definitions. Keep your notebook up to date. 

2. Keep the study-help questions in mind while studying this 
ass ignmen t . 

3. Answer all check-up questions after carefully considering the 
aim of the questions. When words alone fail to convey your 
meanings, make sketches, drawings, and diagrams. 

4. Read the additional references that are assig.iod by your 
instructor . 

Study- help quest ions: 

1. Give several reasons why a-c is preferred over d-c for 
electric power transmission. 

2. What is an elementary generator? 

3. ilake a sketch of a typical a-c waveform. What is this 
wave form called? 
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Describe the manner in whlca currenu flows in one cycle of 
alternating current • 

Wha.. As your understanding of "superimposed a-c?" 

What is meant by "frequency" when applied to alternating 
current? 



Is 60-hertz alternating current 
If not, give one or two example 
know about. 

What is the term or name given to distinguish 
value reached twice during each cycle of a-c? 



What is a transformer? How is 
electric power? 

Why are a-c meters designed to 
rather than in "peak" values? 



universal in Korth America? 
s of two exceptions that you 

the maximum 



it usod in the transmission o 



read in "effective" voltage 
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Lesson 1-3-1 



REVIEW OF MATHEMATICS 



Required reference: 

Basic Mathema Ics for Electricity and Electronics, 



Additional information: 

In the solution of problems dealing with a^c circuits it is often 
necessary to resort to the use of trigonometry, which is both 
algebraic and geometric in nature* Because a-c volcages and 
currents have both magnitude and direction, the resulting power 
produced depends upon the phase relationship between the voltages 
and currents. 

Electric-circuit analysis is buiit around the idea that the 
voltagjs and currents be represented as vector quantities. An 
alternating current is one that alternates or changes its 
direction periodically and since the sine wave of an a-c is a 
periodic function, it can be represented as a rotating vector. 
Nearly all a-c circuits contain circuit elements, or components, 
that cause the voltage and current to pass through their 
corresponding zero values at different times. ThO: effects of such 
conditions are given detailed coverage in many of the following 
lessons. Most of the electrical problems that need to be solved 
by a meterman can be resolved to the solution of right ttiangles. 
It is advisable at this time for you to review the trigonometric 
f unctions . 

Check-up: (1-3-1 ) 

Solve the following right trianglc^s tor the unknown elements: 






















1 . 


R - 


73.6, 


0 = 


15.0° 


2. 


R - 


425 , 


0 


3. 


X - 




0 = 


69.1° 


4. 


X " 


38.0 , 


0 


5. 


Z = 


70.0, 


R = 


63.5 


6. 


Z « 


51.7, 


R 


7. 


z = 


0.403 , 


X = 


0.290 


8. 


z = 


48.7, 


X 


9. 


R = 


8.10, 


X = 


21.1 


10. 


R = 


454 , 


X 



23.6 

■ 73.3* 
■10.3 

■ 48.4 
1 , 530 
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Lesson 1-3-2 



VECTORS 



Required references: 
Electricity One-Seven ^ 

Basic Mathematics for Electricity and Electronics , 
Additional Information : 

The student will note that the solution to vect'-rs by mecSurement 
with scale, protractor, and compasses Is cumbersome and that the 
accuracy is definitely limited. If you are an apprentice 
meterman, or if you even expect to work In some of the more 
techn'cal branches of the electrical trade, you should familiarize 
yourself with the trigonometric functions as applied to the 
solution of right triangles. You learned In Basic Mathematics for 
Electricity and Electronics the trigonometric ratios of acute 
triangles. The sine, cosine, and tangent ratios should be 
thoroughly memorized, and also how to use them. Finding the 
trigonometric function corresponding to a given angle can also be 
accomplished by using a calculator. 

In Basic Mathematics for Electricity and Electronics, you learned 
the more precise mathematical method of solving for the horizontal 
and vertical component of a vector and vector addition of 
rectangular components. For the serious student who will use the 
mathematical method of solving a-c problems, the use of vector 
algebra and operator " j " will simplify the addition and 
subtraction of vectors. 

In VolumeUO ^of Electricity One-Seven, you will come In contact 
with simplV vectors which are certainly nothing to be afraid of. 
You will be solving some very difficult electrical problems by 
means of vectors. You will note the absence of complicated 
mathematics and that the only tools which you will need to solve 
these electrical problems are a ruler and protractor, plus a 
thorough knowledge of Ohm's Law as applied to alternating-current 
c ircul t s . 

One word of caution which you must follow in working electrical 
problems In this practical way Is that you must construct your 
lines exactly to scale and your angles must be drawn exactly. If 
the lines and the angles aie drawn exactly the answer will be 
correct. This method Is usually only an approximation and you 
should learn how to apply the fundamentals of t r Igonom^^ t ry to 
these problems to get correct answers In all Instances. 

From the very first ycu should make up your mind that you are 
going to understand vectors, what they mean, and how they are 
contructed. An understanding of these simple vectors Is essential 
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to a comprehension of diverse knowledge that Is needed to work 
these assignments. It will pay you to study them long enough to 
thoroughly understand them. If you do not understand them, do not 
pass tnem up; stop right here and get help 5rom someone who does 
understand them. 



Electricity Is a very difficult subject for the average person to 
visualize and to explain with the spoken or written word. In 
fact, the explanation of the various things which happen In an 
electrical circuit Is practically Impossible without the use of 
some such device as the vector diagram. 

If you are an apprentice raeterman, you will later have 
approximately one year's work with meter vectors which are 
extremely Important to anyone working with meters. A journeyman 
meterman who understanda vector diagrams Is a much better meterman 
than one who does not have this knowledge. By means of vectors 
you can sove practically any metering problem quickly, easily, and 
accurately. You can determine the percentage of registration of a 
given watthour meter and any power factor of load, regardless of 
how many errors have been made In the connections. You can 
determine whether a watthour meter or a reactive kl lovol t-ampe re 
meter Is properly connected. Without a complete understanding of 
the vector diagram, the solution these problems Is Impossible. 



VECTOR QUANTITIES 



Since vector quantities are ot considerable Importance In the 
solution of problems In a-c theory. It Is necessary that we become 
familiar with the algebraic method of performing the mathematical 
operations Involving addition and subtraction with complex 
;'.umbe rs . 



There are two common algebraic forns for expressing a complex 
number, namely: rectangular and polar. It Is most common to 
represent a vector by giving the length of magnitude of the 
quantity and the angle it makes with some reference axis. The 
reference axis is ordinarily assumed to be horizontal and to the 
right of the origin. The usual manner of expressing a complex 
quantity in polar form is as follows: 

10 amp at an angle of 30 degrees is written: 

20 amp at an angle of minus 60 degrees: 20 Af> 0 



0 



Where 10 amps is thp magnitude of the vector and the 30 is the 
angle it makes with the reference or horizontal axis. Vectors may 
also be described in terms of their two components and this is 
most commonly accomplished through use of the operator j. A study 
of higher mathematics will show that the operator j - -1 (an 
imaginary number) but for our use in this course, all the student 
need be concerned with is that the operator j turns the vector 
through 90 degrees in a counter-clockwise direction from the 
reference axis each time it is used as a factor. In a similar 
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manner a negative operator j, written -j , (rotates) turns the 
vector through 90 degrees in a clockwise direction from the 
horizontal reference. 



Operator 
describe 
30 amps 



j therefore is used an an algebraic expression to 
the vertical component of a vector. The polar form of 10 
then could be expressed in rectangular form as follows: 



si ml larly 




anp • 8,66 +j5 amp 
olim - 10 ,00 -j 1 ?• 32 ohm 



lo ^ cos 30^ 

10 = 10 (cos 30 +j sin 30) 
o - 8.66 +j5.0 

20 » 20 (cos 300 +j sin 300) 
o » 10.0 -jl7.32 



- 17 32 Off 



Note 




that the horizontal corapont it is obtained by multiplying the 
vector by the cosine of the angle of the - « - * - 

component is obtained by 
angle of the vector. 



vector and rhe vertical 
multiplying the vector by the sine of the 



Algebraic addition and subtraction of two vectors is accomplished 



easiest when expressed in 
5.4 ^il.5° and 8.37 ^75 
rectangular components 
algebraically : 



5.40 /fl .5° 
8. 3 7 /75 . 4^ 



5.4 
4.6 



(cos 31 
+j2.82 



iuS 

4°, 
in 



rectangular form. For example: add 
Converting the vectors into their 
order to add or subtract them 



5) +j5.4 (sin 31.5) 



= 8.37 (cos 75.4) -j8.37 (sin 75.4) 
= 2.11 -j8.10 



add 4.6 +j2.82 
2.11 - j 8. 10 

sum ^ 6.71 -j5.28: expressing the sura of the two vectors in 



polar form: 6.71 -j5.28 » 8 . 54 /- 3 8 . 2^ 



Tne student should work the examples just given and compare 
reb lilts. Alternating currents and voltages may be representee by 
cofiplex expressions. Voltages and currents may be found where 
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there is any angle between 0 and 360. For example: to find the 
complex expression for 100 volts at an angle of 30 degrees, 100 
(cos 30 +j sine 30 ) - 86. 6 +j50.0 volts. 

Chec!c-up: (1-3-2) 

Find the horizontal and vertical components denoted by R and X, 
respectively, of the following vectors. Check the mathematical 
solution of each by drawing a vector diagram to scale. 

1. 42.0 at 81.2^ 2. 108 at 10.9^ 

3. 1.92 at 40.0° 4. 1,600 at 106.5° 

5. 72 at 130° 

Find the resultant forces of the following vectoia: 

6. 527 at 0° and 600 at 90° 

7. 195 at 90° and 95.9 at 0° 

8. 32.3 at 0° i;id 32.3 at 90° 

9. 5.8 at 90° and 95.9 at 0° 

10. 234 at 90° and 730 at 0° 

11. Add 5.4 /3 1 . 5 ° and 8.37 7 5 . 4 ° and express the sum in polar 
f c rm . 

12. Subtract 5.92 /^l . 3° from 17.1 /32 .2° and express the result 
in polar form. 
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Lesso r" 1-3-3 
A-C FUNbAMENTALS 



Required references: 
Electricity One-Seven , 

Basic Mathematics for Electricity and Electronics, 



Additional inform at ion: 

You have seen how single phase alternating current is product^d by 
magnetism. Referring to the diagrams on page 3-15 of Electricity 
One-Seven, if the coll of wlro rotating in the magnetic field is 
producing 1 volt maximum, the voltage produced will be the sine of 
the angle through which the coll has moved. Thus at 0, 180, and 
360 degrees, the voltage is zero; at 30 and 150 degrees, the 
voltage has risen to +0.5 volt; at 60 and 120 degrees, the voltage 
has reached +0.866 volt; at 90 degrees the voltage has become its 
maximum of +1 volt; at 210 and 330 degrees, the voltage is -0.5 
volt; r.t 240 and 300 degrees the voltage has reached -0.866 volt; 
and at 270 degrr es the voltage has attained its maximum of -I 
vol t . 

Thus it is evident that the curve produced by the rotation of the 
coil is a sine wave and the voltage produced at any point Along 
the curve equals E X sine 0, where E equals voltage and 0 equals 
the angle through which the coil has rotated. 

Further, it will be noted that the line designated as "degrees of 
rotation" in the middle diagram on page 3-15 is proportional to 
time; that is, time progresses from left to right along this line. 
At 90 degrees, if the frequency is 60 (hz)*, the time is equal to 
1/4 X 1/60 or 1/240 of a second. Likewise, when the voltage 
becomes zero passing to a negative value at 180 degrees, it is 1/2 
X 1/60 or 1/120 of a second after the beginning of rotation. This 
is termed an ALTERNATION. At 60 cycles per second, it will be 
necessary for the loop of wire to make 60 complete revolutions per 
second. One complete revolution of the loop of wire equals 360 
degrees and requires 1/60 of a second. 



*Note: The terra HERTZ (abbreviated hz) is being adopted as a 
substitute in place of cycles per second and, although your 
reference books raay still use cycles per second, all future 
publications will, in all probability, use hz instead of cps. 
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Alternating voltage may be defined as an electromotive force which 
changes continously with time, rising from zero to a maximum value 
in one direction, decreasing to zero, and repeating these values 
at equal intervals of time. 

An a-c voltage or current is often represented by a vector 
rotating about a point. The vertical component of such a cer.tor 
is the instantaneous value of the voltage or current. The length 
of the vector is the maximum value of the voltage or current. If 
the vector shown below representing the magnitude of a voltage is 
plated against the number of degrees through which the coil of a 
generator has rotated, the graph obtained is called a sine wave. 
If the vector is rotated counter-clockwise, we show that the 
vertical component of such a vector is the instantaneous value of 
the voltage or current. The vertical height of any point on the 
sine wave is the product of the maximum value of the vector 
multiplied by the sine of the angle that the vector has rotated 
from its horizontal position. The angular position of the vector 
corresponds to the angular postion of a coil in a generator. The 
vector makes one complete rotation for each cycle of the a-c or 
current . 




A Rotating^ Vector Can Rep^resent A Sine Wave 



If we assume the maximum value in the illustration Is equal to 100 
volts, the actual instantaneous voltd; e after 30 degrees of 
rotation is determined by: E ins tantanec js " E maximum times sine 
angle 30 degrees. The instantaneous vo tage in this position is 
100 X .5000 « 50 volts. 



Vectors are always assumed to 
noted otVierwise. These vectors 
well as voltage. An alternating 
same way that the a-c voltage is 



rotate counter-clockwise, unless 
are used to represent current as 
current can be represented in the 
shown here. 
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Since the magnitude (instantaneous value) of an alternating 
current changes from instant to instant, then the question is: 
"How do we measure the effective value?" The best method is to 
find the d-c current value which produces the same heating effect 
aad, of course, will produce the same power. The product of 
effective volts and effective ampere equals the power in watts in 
any circuit containing a uon-induct ive resistance load. In 
practically all a-c work, effective or r.m.s. value of current and 
voltage are used. A-c volt^neter and ammeters are scaled to 
indicate the effective values which are 0.707 of the maximum 
values. In a steady d-c voltage supply, the effective and maximum 
values are the same. 

MAXSMUM 0^ PEAK VkL^C 




Tw^vr^ are some places where average value and peak-to-peak value 
>iave pn application. Some of these are in electronic circuits and 
in semiconductors such as rectifier units using vacuum tubes or 
silicon rectifiers. For example, a full wave rectifier shown here 
u^ill cause both alternations of the cycle to be in the same 
Ilrection, but ^'111 produce a pulsatiing current, although it does 
noL rt^verse direction. The effective value of this pulsating d-c 
current and voltage will be 0,637 of the a^c maximun or peak value 
which in reality is the average value for the two alternations. 
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Most of the problems which you wl 
have to do with three-phase alter 
it is well to know how three-phas 
produced. Three-phase alternatln 
Identically the same way that we 
alternating current is produced, 
coil with three coils spaced 120 
a magnetic field. This produces 
voltages, 120 degrees apart, repr 
shown in the diagram below: 



11 have as a meterman or wireman 

nating currents and voltages, so 

e alternating current is 

g current is produced in 

have learned that single phase 

We simple replace the single 
degrees apart and rotate them in 
three separate and distinct 
esented by three sine waves as 




In the above diagram, the voltage of 



,^ . . . is zero at the start, 

we start rotation, the value of E^. in^Jeases in a positive 
direction: 120 degrees later, E^^ecomes zero and 120 degrees 
later E becomes zero. It will^fie noted that at any particular 
raoaent EHe sum of the three voltages generated is zero. For 
instance, at the point where E^, equals zero volts. E eauals 
-0.866 volts and E^^ equals .0?i66\olts. Obvi ous iy>ihe'sui . 



As 



^"'^/pS equals zero. Likewise, at the point where E„, 
aecains a positrve value of 1 volt (this point is 90 degrees a?^er 
rotation has started) both E^^ E have reached a valpe of 

-0.5. Again their sum equals zero aSd it is easily seen -that this 
nolds for any point in the cycle. 



As the coils are shown connected in the diagram with all three 
coils connected together at 0, vires are taken off at E E 
1.^. and it is said to be in a three-phase, three- or f§ir-w??e 
UY:, connection. If the three coils are connected together in ' 
rotation and wires taken off at the three Junction points a 
thre--phase, three-v-ire del:a connection is formed. 

Tn.e subjects of phase sequence and power factor in three-phase 
circuits will be discussed in detail later. 
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Check-upt (1-3-3) 



i» Why do we use alternating current instead of direct current 
for the transmission of electric power? 

2. What is the limiting factor in a transmission line? Is it 
conductor size, voltage, insulation, or whar is it that 
limits transmis sioii line capabilities? 

3» What limits the amount of current that can be carried on a 
tranr miss ion line? 



4. What ^s a cycle? What is an alternation? 

5. What is the effective value of alternating current in 
percentage of the maximum value? 

6» Alternating voltage is an electromotive force which changes 
continuously with time, rising from zero to a maximum value 
in one direction, decreasing to zero, rising to the same 
maximura /alue in the opposite direction, again decreasing to 
zero, and then repeating these values at equal intervals of 
time. What is a waveform of a current or a voltage made to 
represent? What kind of a waveform does alternating current 
or alternating voltage have? 



7. What is frequency? 



8. At 60 hz , how much time is consumed by the voltage gcing from 
0 degrees to 270 degrees? 

9. We use 60 hz in thip country for our alternating current 
supply. Why do we not use a lesser f requency--say 10 or 15 
hertz? 



10. What is the -naximum voltage in terms of the effective value 
of alternating voit^ge? 

11. How does alter^aLlng current differ from a varying direct 
current ? 

12. Alternating current traces a curve called a "sine wave." 
What is a sine wavj and why is it so called? 

13. How many hertz equal 1,500 kilohertz? How many kilohertz 
equal 15,000 hertz? 

14. Explain the difference between electrical and mechanical 
degrees . 
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15. What is meant by phase? Phase difference? 

16* What is the effective value of a voltage whose maximum 
amplitude is 200 volts? 

17* What is the rms value of a voltage whose peak-to-peak voltage 
is 200 volts? 

18« What is the average value of the output voltage of a 6-volt 
battery? What is the rms value? 

19. The voltage measured at a household electric outlet is 119 
volts. This is the rms value of the voltage. What is the 
peak voltage? What is the average voltage? 

20. One alternation of a sine wave take 4/1000 of a second. What 
is the frequency of the wave? 
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Check-up: (1-3-4) 



10. 



If a 4-pole generator is turned by a waterwheei at a sneed of 
1,800 rpm, what would be the frequency of the generator? 

An alternator with 8-poles has a speed of 900 rpm, what 
frequency wc it operate at? 

If a 12-pole generator operates at a speed of 250 rpm, what 
would be the frequency of the generator? 

A sine wave voltage produced by an a-c generator has a 
maximum value of 170 volts. Determine the instantaneous 
voltage at 45 electrical degrees after crossing the zero axis 
in a positive direction. 

An alternator produces a maximum voltage of 325 volts. What 
i3 the instantaneous value of this voltage at 90 degrees? At 
140 degrees? 

Two a-c generators are to he operated in parallel at the same 
frequency. Generator No. 1 has 14 poles and turns at a speed 
of 1,800 rpm. Generator No. 2 has 10 poles. (a) What is 
the frequency of generator No. 1? (b) What is the speed of 
generator No. 2 so it may operate satisfactorily in parallel 
with generator No. 1? 

What is the effective value of an alternating voltage whose 
maximum value is 311 volts? 

Using the values obtained in question 7, what would be the 
instantaneous value for the voltage at 245 degrees? 

If an alternating emf has the instantaneous value of 280 
volts at 50 degrees, what is its value at 150 degrees? 

What is the maximum value of an alternating current, if the 
instantaneous value at 310 degrees is minus 80 amp? 
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RESISTANCE AND INDUCTANCE IN A-C CIRCUITS 



Your study of the lessons which follow v^ill help you acquire: 

1. The ability to determine when d-c rules and laws apply to a-c 
ci rcu i ts • 

2. An understanding of current, voltage, and power in a-c 
resistive circuits. 

3. A number of terras and their definitions that help to explain 
inductive circuits and their properties. 

4. An understanding of how power factor can be raeasured, 
adjusted, or corrected to raeet various needs or conditions. 

5. Further inrorraation as to the factors or conditions 
responsible for unbalanced circuits. 

Directions : 

1. Study the required references. Keep the study-help questionfl 
in mind as you progress. 

2. Write out and hand in to your instructor the answers to all 
the check-up questions. 

3. Read a number of references which will be recommended by your 
instructor. Do not depend on the required reference to give 
you the tota) picture. 

Study -help questions: 

1. Under what conditions do all d-c rules and laws apply to a-c 
circuits? 

What is meant by "in phase" with regard to a-c voltages and 
currents? 

3. What is meant by "power factor" in a-c circuits? What 
formula is used to find it? 

4. What is the narae of the instruraent which is used to raeasure 
power? What basic principle or raoveraent is used? 

5. What factors cause the effect known as "inductance?" What is 
rlie symbol used to designate inductance? Does every complete 
electric circuit have somv> induct. .nee? 

6. LiPt eight factors that will determine the amount of 
inductance in a circuit. 
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What is meant by the term "mutual inducuion?" What is the 
most common electrical device usid in year trade ..hat 
utilizes this principle? 

What is an "inductor?" Why are some inductor^ provided with 
a metallic shield? 

How is power factor determined? 

What conditions may cause a current to be out-of-phase? 
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Lesson 1-3^ 5 

RESISTANCE IN A-C CIRCUITS 

Required reference: 
E_I. ^ctr Icl ty One-Seven > ^ 

Check-up: (1-3-b) 

!• What are eddy currents? How are they related to frequency? 

2. That is skin effect? Is it present in d-c circuits? 

3. How is skin effect overcome in power cables? Why does this 
work? 



4. 



5. 



What is the average power dissipated in an a-c circuit where 
the maximum voltage is 20 volts, and the maximum current is 
40 ampere^? 

What is the average power dissipated in an a-c circuit where 
the effective voltage it* 10 volts and the effective current 
is 30 amperes? 



6. The instantaneous current through a resistor is 14 amperes 
and the instantaneous voltage across the resistor is 28 
volts. What is the instantaneous power developed? 



7. 



8. 



9. 



The peak value of 
and the effecti^'e 
power dissipated? 



the voltage in an a-c circuit is 100 volts, 
current is 7 amperes. What is the avf»rage 



The peak power developed acrots a resistcr Is 1500 wattis, 
when the effective voltage across the rebistor is 500 volts. 
What is the average current over one alternation? 



The average value of one alternation of a sine-wave voltage 
is 75 volts, and the peak value of the current is 3 
What is the average power developed? 



amperes • 



10. The average power developed across a resistor is 2000 

kilowatts, and the peak-to-peak voltage is 200 kilovolts. 
vVhat is the value of the effective current through the 
resistor? 
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Lesson 1-3-6 



INDUCTANCE IN A-C CIRCUITS 



ERIC 



Required reference: 
Electricity One-Seve i , 

One of the basic principles you have learned is that magnetic 
field surrounds every conductor or coil winding where there is a 
current, and that an increase or decrease in current will causp an 
increase or decrease in the number of lines of for^e of this 
magnetic field. This is trve for d-c as well as a-c; however, bv 
definition an alternating current is one constantly changing in 
magnitude and periodically changing in direction.' A changi g 
magnetic field induces a voltage in the coil, or circuit; 
proportional to the rate of change and in opposition t. the effect 
producing th3 change. If the current in a circuit is increasing, 
the inductance of the circuit is defined as that property of the 
circuit which tenas to prevent the increase; if the current is 
decreasing, the inductance of the circuit tends to prevent the 
decrease. The greater the Inductance of the circiit, the grea^er 
the opposition to a change in current. 

In a direct current circuit there will be no inductive effect once 
the current b^s reached its Ohm's Law value and remains constant, 
in a-c circuits there ia ever present an opposition to the flow of 
""IJI^^?" ^^^'^ ""^^ '^"^ resistance of the circuit. This 

additional opposition is caused by a counter electromotive force. 
All elements in an a-c circuit, including the connecting wirPS. 
show some property to self induce o. to generate this counter emf, 
but for all practical purposes only those elements designed to 
make use of this property have any significance. Its effect is 
negligible in a circuit such as an electric lam,^ which uses almost 
pure resistance as a load. 

Check-up: (1-3-6) 



What proper' s, in addition to resistance, ll.alt tie current 
in an a-c cult? 

What rule gives the direction of the magnetic field around a 
current carrying conductor? State the rule. 

For a conductor luoving through a magnetic field, what rule 
gives the direction of the induced emf when the aire^tlon of 
the magnetic field is known? State the rule. 

What factors determine the magnitude of the induced .;mf? 
What is self induction? 

Si; 
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6, On what two factors does the magnitude of a self-induced emf 
depend? 

7. What is meant hy counter emf? By back emf? 
8« State lenz's Law* 

9. What determines the direction of the self-induced emf? How 
does Lenz'a Law explain this? 

10. How can self-induction be explained from an energy 
standpoint ? 
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Lesson r-3-7 



INDUCTANCE 



Required reference: 
Electricity One-Seven , 

Check-up: (1-3-7) 
!• Define inductive time constant? 

1. How many time constants does it take for the current to reach 
63.2 percent of its maximum value in a d-c circuit? 

3» In what units are time constants measured? 

4. What is the total inductive reactance oi three coils in 
series whose reactances are 5, 5, and 10 ohms? 

5. What would be the total inductive reactance for the coils in 
Question A if they were in parallel? 

6. What is the inductive reactance of a 1 0-mi 1 1 1 hen ry coil at 
frequencies of 100 hertz, 1000 hertz, 10 kilohertz, 100 
kilohertz, and 1 megahertz? 

7. What is the phase relationship between current through, and 
the voltage across, an inductor? Why is this so? 

8« What is the value of the time constant of a circuit 

consisting of a 5000-ohm resistor and a ^ oil having an 
inductive reactance of 1.884 ohm at 60 hertz? 

9. It takes 10 seconds for the current to drop to zero after the 
switch is opened in a d-c circuit consisting of a battery, 
switch, lesistor, and coil. What is the circuit time 
constant? 

If the value of the resistor of question 9 Is 100 ohms, how 
many 40-henry inductors are needed to provide the inductance? 
Are they connected in series or in parallel? 



10 
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Lesson 1-3-8 
MUTUAL INDUCTANCE 



Required reference; 
Electricity One- Seven, 



Check-up: (1-3-8) 
1« What causes the emf of self-induction? 

2. What is the effect of this eraf of self-induction called? 

3« What does inductance do to current that is increasing in a 
coil? To a current that is decreasing in a coil? 

4. How may we increase the induced emf? 

5. Is there any difference between the emf o^ mutual induction 
and the emf of self-induction? 

6. A magnetic field or flux (circular lines of force) enshrouds 
every conductor through which electricity flows. Can mutual 
induction exist between two coils when there is no change in 
the current, that is to say, the current is direct current? 

7. What occurs when the flux of one coil, called the primary 
coil, cuts the turns of the secondary coil? Explain how a 
current or emf can be generated in a circiit that is not even 
in electrical contact with the first circuit. Name one 
device which makes use of this principle? 

8. Explaia how energy may be transferred froc one circuit to 
another using a battery, switch, meter, and cwo inductors. 

9. What is the phase relationship between the currents that flow 
in two circuits that are mutually inductive? 

10. What is the co-efficient of coupling between inductances? 
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ELECTRICAL THEOFY 



UNIT IV 

r 

ALTERNATING CURRENi 



This unit contains the following lessons: 
CAPACITANCE IN A-C CIRCUITS 



Lesson 2-4-1 
Lesson 2-4-2 
Lesson 2-4-3 
Lesson 2-K-4 



Capacitance in A-C Circuits 

Check-up 

Check-up 

Check-up 



A-C SERIES CIRCUITS 



Lesson 2-4-5 
Lesson 2-4-6 
Lesson 2-4-7 
Lesson 2-4-8 
Lesson 2-4-9 



The Series RL Circuit 
R-C Circui ts 
L-C Circuits 
LCR Circuits 
Series Reson nee 



A-C PARALLEL AND SERIES-PARALLEL CIRCUITS 



Lesson 2-4-10 
Lesson 2-4-1 1 
Lesson 2-4-12 

TRANSFORMERS: 

Lesson 2-4-13: 

Lesson 2-4-14 : 

Lesson 2-4-1 5 : 

Lesson 2-4-16: 



Characteristics of A-C Parallel Circuits 
Che ck-up 

Resonance in A-C Circuits 



Bai ic Principles of Transformer 
Ope ration 

Classification of Transformers and Types 
of Const r uc t Ion 

Transformer Connections and Instrument 

Tranoformers 

Che ck-up 
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CAPACITANCE IN A-C CIRCUITS 



You are to acquire: 

1. Information pertaining to capacitance and capacitive reactance 
with regard to their effects in a-c circuits, 

2. An understanding of how capacitors are made and operate, and 
how they are classified. 

3. A working knowledge of the various symbols used to indicate 
types of capacitors. 

4. A knowledge of some typical applications of capacitors in a-c 
circuits. 

Di rec tions : 

1* Make a chart to help you remember various terms and 

definitions, especially when one is opposite to another in its 
influence upon a circuit or a current. 

2. Picture each device and associate its properties ind 
functions. Make sketches of the c5 juits in your notebook. 

3. Study the required references and any additional references 
that may be assigned by your instructor. 

A. Answer all check-up questions as they are designed to aid you 
in obtaining a better understanding of the various topics 
covered in the assignment. 

Study-help questions: 

1. Briefly explain the properties and action of capacitance in a 
circui t . 

2. What similarity has capacitance to inductance? 

3. What are the three basic factors that determine the capacity 
of a capacitor? 
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Lesson 2-4-1 



CAPACITANCE 



You will remember that inductance opposes any change in the 
circuit current. What is the opposition to any change in the 
circuit voltage called? 

When does capacitance effect direct-current voltage? 

What is the letter used to denote capacitance? What quantity 
of capacitance does this letter represent? 

Upon what does capacitance depend? 

If apply direct current to a capacitor, how long does 
curtent flow? 

If al ternat ing-currenc voltage is applied to a capacitor, how 
long does the current flow? 



Required reference: 
E lectricity One-Seven , 

Check-up: (2-4-1) 
!• 

2. 
3. 

4. 
5. 

6. 

7. Does alternating 
material between 



current actually pass 
the capacitor plates? 



through the insulating 



8. What precaution should be taken when discharging a capacitor 
regardless of whether the voltage used to charge it is direct 
current or alternating current? 

9, Using direct current, a capacitor is repeatedly charged and 
discharged. Each time it is discharged you note that the 
resulting arc or spark is the same size. If this charging 
and discharging of the capacitor with alternating current is 
repeated, the spark occuring at discharge varies in size and 
intensity. Explain why this is true. 

10. How can you prove that capacitors block direct current? That 
capacitors appear to pass alternating current continuously? 

11. What is a capacitor discharge? 

12. Given a circuit consisting of a 100-milliampere alternating 
curient milliammeter and a 1-microfarad capacitor in series, 
whrn 120-volts alternating current is applied, approximately 
45 milliamperes will flow continuously. Explain tMs current 
flow in the face of the fact that the capacitor plates are 
separated with an insulating material. 
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Addlti.onal information: 



Capacitors . There is a seemingly endless demand for capacitors of 
all sizes, types, and voltage r^itings. There are literally 
thousands of each kind used yearly. 

Capacitors are used extensively in the radio and television 
industries, and in the automobile industry. In fact, they are a 
vital part of practically all electronic circuits. Many sizes and 
various voltage ratings are used widely in direct current work. 
They are used in x-ray applications, particularly in industrial 
equipment. Capacitors for the purpose of starting motors are 
usually of the dry electrolytic type, as this particular type can 
be built economically in high microfarad capacitance for low 
voltage use. 

Suppression of radio interference from motors and appliances of 
all kinds is accomplished through the use of capacitors. Coupling 
carrier current communications to high voltage lines, of all 
voltages, is accomplished with the coupling capacitor. Some 
voltage indicating devices are made with capacitors. 

There is another field where capacitors are extensively used and 
which is not covered in the textbook. This is in the field of 
power factor improvement, either on power lines or in industrial 
plants on individual motors. The problem of power factor 
improvement is ol very great importance to power companies. 
Capacitors are also used by power companies, either connected in 
parallel or in series, *or voltage improvement. 

Check-up: (2-4-2) 

the construction of a capacitor. What is the 



factors which effect the capacitance of a condenser. 
Ls dielectric constant of a capacitor? 

formula for two capacitors connected in series. What 
rmula for t^o capacitors connected in parallel? In 



Describe a variaule air capacitor? 

What precaution must be observed when using an electrolytic 
capacitor made to be used on direct current? 

What will be the time constant in seconds of a 1-microfarad 
capacitor connected in series with a 2-megohm resistor? 

Wh..t does the time constanw equal? 



1 . 


Describe 




material 


2. 


Name the 


3. 


What is r 


4, 


Give the 




is the fo 




what way 




or parall 


5. 


Descrl be 
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9. What three methods are used to identify capacitors? 



10. How does voltage rating affect the size of a capacitor? 

11. There are four capacitors: 2 mfd, 1 mfd, 0.5 mfd, and 0.25 
•nfd, connected in parallel. What is the total capacitance of 
this arrangement? 

12. What is the total capacitance of four capacitors connected in 
series if the capacitance of the four capacitors is 6 mfd, 3 
mfd, 4 mfd, and 1 mfd? 

Capacitive Reactance . At the present time the use of small motors 
for household appliances such as freezers, refrigerators, washers, 
oil burners, and fans, and for air conditioning in homes and 
offices, has decreased the power factor of the electric feeders as 
the load has built up. The motors used on these devices generally 
have a rather low power factor, which means that the current 
consumed by them is high in comparison to the actual kilowatt 
load. The widespread use of Induction motors and other inductive 
appliances, and the need for magnetizing current by line 
transformers, combine to draw greater line current than is 
required to supply only the actual pow^r consumed. This greater 
current is due to the inductive (magnetizing) current whicn flows 
in the circuit as the magnetic fields build up and collapse during 
each cyc.'e. The inductive current reaches its maximum value a 
quarter cycle (90 deg rees) later than the voltage wave, and we say 
that the current lags the voltage by 90 degress (see page 3-120 of 
Electricity One-Seven). 

Capacitors draw a current which reaches its maximum a quarter 
cycle ahead of the voltage wave and the current is said to lead 
the voltage by 90 degrees. 

In ocherwords, capacitor current is 180 degrees out of phase, or 
exactly opposite to inductive or magnetizing current. Therefore, 
when a load consisting of both capacitive and inductive equipment 
is connected to a line, the inductive, or magnetizing, current 
between the generator and capacitor is reduced by an amount equal 
to the capacitive current. (You will Isarn more about this in 
later assignments.) 

The line current multiplied by line voltage equals apparent power 
in volt-amperes, while the current supplying power multiplied by 
the line voltage gives the true power in watts. The ratio of 
watts to volt-amperes ( wa t t s / vo 1 t -ampe r e s ) is equal to the power 
factor of the circuit, as we have already learned. 

An ideal situation for a power company is where it can deliver all 
of its current to loads having 100 percent power factor. 
Unfortunately, this condition does not exist and power coo^panies 
must deliver energy to loads having a power factor ranging from 50 
percent or less to between 90 percent and 100 percent. Usually 
these loads are of an inductive nature so that power factors of 
less than 100 percent are lagging power factors. 



Some utility companies have a clause In their 



power factor a nd t he 1 r b , u 1 he , n '"'^''^ " 

Jhe'^hVl?' 'acic'r 7a\\s ' ei r 85 pVrc'e'n't" 

Uctor'".Le"eas a'c^tT" ' """" P"c,„tage when the 
raccor exceeds a certain amount, which is usually fin ^^ 

T^lrlT's c?rlir accomplished by o%hrrct?pan?es ^°hi 

movar) lien °' magnetizing current (called a 

the^mUat? d^':an'd?°^^^^^;^v7nt"th:/Yn"t"ll^"""^^«^ °^ 

measure the amount of magnetiziV energy '"^^^'^ ' ^° 



If all of the current delivered by power companie 
/° 'h'?"' P"""^ ^^^.5°^' -hen 10 percent of 



8 were delivered 



proauce "wattles's powe'r". ' iu t" o ? e ve r^ Voo"-"!-.'.' !° 

8 would go for wa 
i as useful energ 

amperes. ^""^ of every" 100 



5o^^prr:s"w:rl7;e'»t~^i^i^^^^^^^^^ 

would fh*> ro ^ J wociui energy, ifte power company 

, u.i^i.ei.ure , receive pay for onlv 90 



exactW°as d^^ ''b H in^proving power factor are made 

exacciy as described on oace 1-100 tk^ ^ ^^^^ c 

aluminum, and the paper dielectric i. 11 ""'l /oil Is usually 

.'ner .l cU or »oL\thV;' U^u^d Vnst?a"':r'wa:'" Ae're^a^re 
'Vhe7' °f P»P" the Mgher'Vo Itag" 

^/.VOO. -l:.! 'WMV l-it?."' "T°^e;"-ar^"r";teV"° ; 
^s :r?r:ar7n"3!' Voi"--- S-r-^ l- -er^Urad-^d a^e" 

units 'housed In's' metal 'co^tslnVr .J""""-" -Ingle-phsse 

^o"n^J:?on"':^ .t: 

may be found as 'oUow;, "'"^£">1 rating „, these capacitors 

C (In microfarads) • Kllovars K lo' 

2 f X (E)^ 

Thus tor a 25 KVA capacitor for 2,350 volts: 

C . '5 X 1.000 ,000.000 25,000 .000 

6.28 X 60 X (2,350) ' 2,080,878 ' microfarads 

- ^""P^^ 2i Po wer Factor Corr ection. « certain K.„i, 

2"rioUr" .V -P'"'^ °« delivering appr oxl ^at e lyV/o .mperL ll 
e ce^t ^'ower' f?ctr"" Vhe^: Is"''^' at lo5 

o / voit8 give us 10 amperes for liehtins anH OAn 

amp. res for the 70-kilowatt load at 70 percent power factor fJS 
makes a total of 250 amperes. We can see that thi « nn. ' 
has the ban. of transformers fully loaded '''' customer 
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A request s received from a man living near this same transformer 
bank for delivery of 20 kilowatts of power at 240 volts and to be 
operated at 95 percent power factor. Such a load will require 50 
additional amperes, making a total load on the transformers of 300 
amperes. How much improvement must be maae in the power factor of 
the 70^kilowatt motor load before we can safely add 20 kilowatts, 
or 50 amperes, to the transformers? 

We will be able f:o draw: 250 - 10 - 50 » i90 amperes 

Substituting In the formula for power. Watts « 1.732 x 1 x E x 
power factor, gives: 

70,000 = 1.732 X 190 x 240 x (pf) or pf - 70,000 

1.732 X 190 X 240 

Solving this equation we find that the power factor mist be 
approximately 90 percent. 

The small diary books put out by Westinghouse and General Electric 
each year have power factor improvement tables in them. From 
these tables we can ascertain what value of capacitors is required 
to improve the power factor of the 70-kilowatt motor load from 70 
to 90 percent. 

Looking up one of these power factor improvement tables we find 
under 90 percent (the desired power factor) and opposite 70 
percent (original power factor) the number "0.536." Multiplying 
this number by 70 (which is out load in kilowatts) gives us 37.5 
kilovars. If these 37.3 kilovars are connected in parallel as 
close as possible to the low power factor equipment, we can then 
connect the 95 percent power factor load of 20 kilowatts and the 
total load on the transformer bank will not be in excess of 250 
ampe re s . 

Check-up: (2-4-3) 



1. How does a capacitor block d"c? 

2. What are the voltage and current relationships between the 
capacitor and applied voltages? Between the capacitor current 
and applied voltage? 

3. What happens to the capacitor current if the frequency of the 
applied voltage is decreased? 

4. What is the opp Ition to the flow of a-c current offered by a 
capacitor callea.^ What are its units? 
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5. What is the equation for finding X^? 

6. What is meant by leakage current in a capacitor? What causes 

1 ^ n 



it? 

7. What is the total capacitance of three capacitors in series 
whose values are 10, 10, and 5 microfarads? 

8. What is for each capacitor in question 7, and the total 
capacitive reactance of 100 hertz? 10 kilohertz? 

9. What is the total capacitance of three capacitors in parallel 
whose values are 10, 10, and 5 microfarads? 

10. What is the total capacitive reactance for the three 

capacitors in question 9 at 100 hertz? 10 kilohertz? 1 
megahertz? 



Check-up: (2-4-4) 



1. What is meant by the power factor of a circuit? 

2. The apparent power in a circuit is 50 volt-amperes, and the 
true power is 40 watts. What is the power factor? 

3. Why are paper, mica, and ceramic capacitors so called? Are 
these fixed or variable capacitors? 

4. What is meant by the abbreviation WVDC that Is found on a 
capaci tor ? 

5. What is an electrolytic capacitor? Can it ever be used in an 
a-c circuit? 

6. How are capacitors identified? 

7. What is meant by LOLor and stator plates? Do fixed 
capacitors have these'^ 

8. Why are tb^> polarities of electrolytic capacitors important? 
Can these always be used for d-c? For a~c? 

9. The power factor of a circuit is 0.5. What Is the phase 
angle between the voltage and current? 

10. What is the power factor in a pure capacitive circuit? 
Resistive circuit? 
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MECHANICAL WORK ANALOGY OF POWER FACTOR 
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FIG. I. FORCE APPLIED IN THE DIRECTION OF MOTION 
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KG. 2. FORCE APPLIED 
AT AN ANGLE TO 
THE DIRECTION OF MOTION 



FIG. 3. VECTOR 
RELATIONSHIP OF 
FORCES 
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In a mechanical sense, power, or rate of doing work, makes use of 
a formula: hp - FV/550; where hp « horsepower, F - force applied, 
in the direction of motion, in pounds, and V - distance the force 
acts, in feet per second. Note that the force applied is the 
amourt in the direction of the motion. 



In figure 1, a car is being towed a-, the 
second with the necessary force, as measured 
being 1,000 pounds. The power is then (1,000 tiices 10) 
550 = 18.2 horsepower. 



rate of 10 feet per 
on the spring scale, 
divided by 



In figure 2, the towing cable makes an angle of 45 degrees with 

the direction of motion. The towing force in the direction of 

motion is still 1,000 pounds. The force 

spring scale is 1,414 pounds. The 
times 10) divided by 550 



as registered on the 
apparent power then is (1,414 
25.7 horsepower (apparent power). 



Uhen the force and the motion are not in the same direction, a 
correction factor must be applied to the apparent to determine the 
actual power being exerted. This correction factor is the cosine 
of the angle between the apparent and actual power. a similar 
angle, known as the "phase angle," exists in alternating current 
circuits between the volts (force) and the amperes (rate of 
motion) and the corre-tion factor is known as "power factor." 
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Power In A-C Series Circuits 

In a pure resistance load that Is connected to an a-c power 
supply, the current Is exactly In phase with the applied voltage 
and the true power for this single phase condition cr,n be 
calculated using any of the following equations, 

P - EI P - I^R P - 



When a load Is connected to an a-c power supply consisting of only 
Inductive reactance, the current lags the applied voltage by 90 
electrical degreer. and no real power Is consumed. The product of 
the applied voltage and the current Is not watts, but volt-amps 
whlcn, for this example, equal VAR ' s • Since there Is no power 
(watts) consumed In forcing the reactive component of current 
through the circuit, this component Is sometimes called the 
wattless component of the current. The fact that the circuit 
consumes no power does not mean that no energy Is expended. We 
find It most convenient to think of colls requiring or consuming 
this type of energy and refer to It as reactive power. The 
reactive power unit Is called the VAR (volt-amp-reac tlve ) and Is 
the product of the amperes, the volts, and the sine of the angle 
of lead or lag of the current. 

Another convenient concept lb that VAR's are a form of magnetizing 
current. If you ren^ember that the coll current lags Its applied 
voltage by 90 degrees and the capacitor current leads Its applied 
voltage by 90 degrees, we can think of colls as requiring or 
consuming magnetizing VAR's and capacitors may be considered as 
generating magnetizing VAR's. In the oper-^ti^n of an a-c power 
system both watts and magnetizing VAR's must be generated and the 
system will not perform without both. In generating plants and 
power stations this magnetizing energy Is metered with a VAR meter 
while the real power Is metered with a watt meter. 

The Power Triangle 

The power triangle Is similar to the Impedance triangle used In 
a-c series circuits. The base of the triangle represents the true 
power (a wattmeter measures this component). The hypotenuse 
represents the apparent power or volt-amps (this Is the product of 
the amperes multiplied by the applied voltage). The altitude of 
the triangle Is representative of the VAR's In the circuit (this 
Is the product of the EI sine 0). The single 0 represents the 
phase angle and tells the reader tliat the line current either 
leads or lags the line voltage. . . 
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POVJUER TR»AN6LE 



A-C SERIES CIRCUITS 



You are to acquire from your study of tne lessons that follow: 

1. An understanding of how various combinations of res.'stance, 
inductance, and capacitance may be used to form a-'C series 



circui ts 



1. 



3. 
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use of vectors and a protractor. 



circui ts • 



current, voltage, and resonance* are 



Directions: 



1. Keep your notebook handy for terms, definitions, sketches, and 
formulas • 

2. Read additional references and make it a point to observe a-c 
series circuits and their components. 

3» Keep the study-help questions in mind while studying this 
assignment . 

4. Answer all the check-up questions after carefully considering 
the aim of each question. 

Study-help questions: 

1. Show by diagram several ways in which combinations of 
resistance, inductance, and capacitance may be used to form 
a-c leries circuits. 

2. What does each of the following symbols represent: R, L, C, 
X^. Xj^, z? 

3. What is meant by circuit impedance? 

4. What is a vector? How can vectors be of help to you in the 
electrical trade? 
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Lesson 2-4-5 



THE SERIES RL CIRCUIT 



Required reference: 
Electricity One-Seven , 

Check-up: (2-4-5) 



1. In a vector diagram of the voltages In a series RL circuit, 
what circuit quantity is used as the reference vector? Why? 

2. What Is the lO-to-I rule for R and In a series RL circuit? 

3. What Is the resistance of a coll having a Q of 65, when the 
Inductive reactance Is 325 ohms? 

4. What Is the resistance In a series RL circuit when the 
Impedance Is 130 ohms and the Inductive reactance Is 50 ohms? 

5. What Is the phase angle for the circuit In question 4? 

6. If an applied voltage of 100 volts causes 5 amperes of 
current In a series RL circuit, what Is the circuit 
Impedance ? 

7. The power dissipated In a circuit Is 500 watts, the Impedance 
Is 10 ohms, and the phase angle Is 60 degrees. What Is the 
value of the current In the circuit? 

8. What Is the apparent power of a circuit which dissipates 500 
watts, and has a power factor of 0.25? 

9. Between what value? (the maximum and minimum) can the power 
factor be found? Why? 

10. What Is the voltage across the coll in a series RL circuit 

when the applied voltage Is 100 volts, and the voltage across 
the resistor Is 80 volts? 
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Lesson 2-4-6 



THE SERIES RC CIRCUIT 



Required reference: 
Electricity One-Seven, 



Check-up: (2-4-6) 



[• How do you show vectors representing resistance, capacitive 
'"eactance and impedance? 

2. An inductive reactance and a capacitive reactance ca*^ have 

the same ohmic value, yet there is a difference between them. 
Explain, and construct vectors showing these differences 
between them. 



A series circuit consists of a resistance of 150 ohms and a 
condenser of 10 microfarads. If a potential difference of 
120 volts 60 hertz is applied across the circuit, find (a) 
the impedance of the circuit, (b) the current flowing through 
the circuit, (c) the potential difference across the 
resistance, and (d) the potential difference across the 
capacitor. 

What is the resistance in a series RC circuit when the 
impedance is 130 ohms, and the capacitive reactance is 50 
ohms ? 



5. What is the phase angle for the circuit of question 4? 

6. The applied voltage across a series RC is 100 volts, and 
causes a current of 5 amperes to flow. What is the magnitude 
of the impedance of the circuit? 

7. The power dissipated in a circuit is 500 watts, the impedance 
is 10 ohms, and the phase angle is 60 degrees. What is the 
value of the current in the circuit? 

8. Two 10 microfarad :apacitors are connected in series and this 
seties combination of capacitors is connecteu in scries with 
a 25-ohm noninductive resistor. If 240 volts were to be 
applied to this circuit, how many amperes would flow in the 
circuit? 



9. A noninductive load with a resistance of 30 ohms is connected 
in series with a capacitor which has a capacitive reactance 
of 24 oh s. Determi..e: (a) the impedance of the circuit, 
(b) the current in amperes, and (c) the volts across the 
resistor . 




10. In question 9 determine: (a) the power expended in the 

circuit, (b) the volt-amperes reactive component in VARS for 
the series circuit, and (c) the apparent power in 
vol t-amperes • 
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LESSON 2-4-7 



SERIES LC CIRCUITS 



Required reference: 
Electricity One-Seven, 



Check-up: (2-4-7) 



1. Hew do you show vectors representing curren**, capactlve 
reactance and Inductive reactance In a serl s circuit? 

2. An Inductive reactance of 600 ohms and a capacltlve reactance 
of 200 ohms are combined In a circuit. (a) What Is the 
Impedance of che circuit? (b) If these values are reversed, 
that is, the inductive reactance equals 200 ohms and the 
capacltlve reactance equals 600 ohms, then wh^'t is the 
impedance cf the circuit? 

3. Three henries pure inductive reactance and 0.4 microfarad 
pure capacltlve reactance are connected in series, frequency 
at 60 hertz. (a) What is the impedance? (b) What is the 
phase angle? (c) What is the power factor? (d) Is the 
current leading or l£.gging the voltage? 

4. Consider a series LC circuit with an applied voltage of 100 
volts, a capacitor with a voltage of 140 volts across it, and 
an Inductor with an inductive reactance of 20 ohms. (a) What 
current would flow in th- circuit? (b) What is the Impedance 
of the circuit? (c) What is the apparent power of the 
circuit? 



5. In question 4: (a) What is the ^rue power of the circuit? 
(b) What is the phase angle of the current in the circuit; is 
it leading or lagging? 

6. In question 4, if the frequency of the applied voltage is 
doubled, what current would flow in the circuit? (Hint: The 
voltage across the capacitor would no longer be 140 volts.) 

7. In question 6: (a) What would be the impedance of the 
circuit? (b) What current would flow in the circuit? 

8. In question 4, if the frequency of the applied voltage were 
halved: (a) What woi Id be the Impedance of the circuit? (b) 
How much current would flow in the circuit? (c) What is the 
phase angle of the current in the circuit; is it leading or 
lagging? 

9. In quet?tion 8: (a) What is the apparent power in the 
circuit? (b) What is the capacitive reactance? 

10. In question 8: (a) What is the inductive reactance? (b) 
What is the reactive VARS of the circuit? 



Lesson 2-4-8 



SERIES LCR CIRCUITS 

Re quired references: 
Electricity Ore-Seven , 

Basic Mathemati c s for Electricity and Electronics , 



Check-up: (3-4-8) 



1. The starting winding of a capacitor-start, induction-run motor 
consists of a resistance of 15 ohms and an inductive reactance 
of 20 ohms which are in series with a capacitor of 60 
microfarads. The motor is connected to a 120-volt, 60-hertz 
power source. (a) What is the impedance of the series circuit? 
(b) How much current will flow in the circuit? 

2. In question 1: (a) What is the power factor of the circuit? 

(b) How many watts of power will the start winding require? 

3. A relay coil has a resistance of 100 ohms, an inductance of 0.2 
henry and is to be connected in series with a 20 microfarad 
capacitor across a 120-volt, 60-hert2 power source. (a) What 
is the total impedance of ths circuit? (b) How many amperes 
will flow in this series circuit? (c) What is the impedance of 
the relay coil? (d) What i«i the power factor for this series 
circuit? Does the current lead or lag the voltage? 

4. A series LCR circuit has an applied voltage of 200 volts, an 
impedance of 100 ohms, an inductive reactance of 50 ohms, and a 
capaciti'-'e reactance of 130 ohms. (a) What is the value of the 
resistance? (b) What is the current in the circuit? (c) What 
is the phase ^*ngle of the circuit? Does the current lead or 
lag the applied voltage? (d) What is the ; rue power? (e) What 
is the apparent power? 

5. A series LCR circuit consists of 8 ohms resistance, 18-ohms 
inductive reactance and I2-ohms capacitive reactance. (a) W»iat 
is the impedance of the circuit? (b) What is the true power? 

(c) What is the reactive power? 

6. A coil containing 100-ohms resistance and 0.50-henry inductance 
is placed in series with 40 ohms of capacitive reactance and a 
30-ohm resistance across a 60-hertz, 480-volt a-c circuit. How 
much current will flow in the circuit? 



7. What is the voltage across the coil in question 6? 

8. How many watts of power is being extended in the coil in 
question 6? 

9. How much power is being expended in the resistor in question 6? 



10. (a) Can the volta;^e across the inductor or the capacitor in 
^ series LCR circuit ever be greater than the applied voltage? 



FRIC voltage across the resistor ever be greater than 

— the applied voltage? 1 i) j 
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Lesson 2-4-9 



SERIES RESONANCE 



Required references: 

Electricity One -Seven , . _ 

B asic Mathematics for Electricl:y and Electronics , 

Check-up: (2-4-9) 

1. What does the impedance of a series circuit equal when the 
inductive reactance equals the capacitivp. reactance? What is 
this condition called? 

2. A series circuit has a resistance of 60 ohms, an inductance 
of 63.66 milihenry and a capacitance of 110 microfarads. 
Determine the frequency which this circuit will resonate. 

3. What is the value in ohms of the impedance of the circuit in 
question 1 at resonance? 

4. If 120 volt, 60 hercz were applied to the series circuit in 
question 1, what voltage would exist across the inductor? 

5. In question 4, what current would flow at resonant frequency? 

6. What is the power factor of a series circuit when resonance 
is reached? 

7. How much capacity is required to obtain resonance at 1,000 
kllohertz with an inductance of 50 microhenries? 

8. What is the value of the current in a series circuit at 
resonance; is it minimum or maximum? 

9. At resonance, is series LCR circuit inductive? 

10. Most radio receivers employ one or more tuned circuits. 

Tuning is selecting a signal at one frequency and rejectin<3 
signals at all other frequencies. What is another use of 
series resonant circuits? 

Note: The new term now in use for micromicrof arads is the 

picofarad. Remember, the microunit is one millionth of a 
unit. The microraicro unit is one millionth of one 
millionth of a unit. That is, 1 farad is equivalent to 
1,000,000,000,000 picofarads. The plco unit is seldom used 
for anything other than farads. It is represented by p. 
Many texts still use the microunit abbreviated MM (Greek 
letter Mu). Thus 1 u 1 pf . 

-12 

Mathematically: 1-1 titles 10 
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A-C PARALLEL 



AND SERIES - PARALLEL CIRCUITS 



Careful study of the lessons which follow will give you: 

1. An understanding of the various a-c parallel circuit 
coiTibinat ions and how voltages, currents, impedance, ^ nd power 
factors are determined in circuits containing resist. ^.ce, 
inductance> and capacitance, 

2. An unaers tanding of a-c series-parallel circuits and the 
ability to apply "vectors" and Ohm's Law in finding tocal 
current, branch currents, and impedance in these complex 
circui ts • 

3. The ability to use new terms when reading, studying, writing, 
or otherwise expressing ideas in your trade. 

Directions: 

1. Study the references thoroughly and make certain " -'t you 
understand each theory, principle, or formula before advancing 
to the next topic. Familiarize yourself with all new words, 
terms, and definitions. Keep your notebook up to date. 

2. Write out and hand in to your instructor the answers to all 
the check-up questions after carefully considering the aim of 
the questions. When words alone fail to convey your meanings, 
make sketches, drawings, or diagrams. 

3. Read the additional references that are assigned by your 
instructor. 

Study-help questions: 

When working with a-c parallel circuits, why is it not 
possible to obtain th*» total current 1 by adding the various 
branch circuits directly? 

With d-c parallel circuits, the voltage across each of the 
parallel branches is the same. Coes this hold true in a-c 
parallel circuits? 

Does the voltage value vary with the nu'iber of parallel 
branches of an a-c parallel circuit? 

What is meant by "internal" and "external" circuits when 
working with a-c parallel circuits? 

How would you find impedance in an a-c parallel circuit by 
using Ohm's Law? 



96 



6. Can you find parallel circuit impedance and power factor by 
the use of vectors? 



7. What is meant by a "parallel resonant" circuit? What formulas 
can be used for computing the circulating current? 

8. When working with "complex circuits," is it necessary to 
consider the parts of the circuit separately? 



1<U 
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Lesson 2-4-10 



CHARACTERISTICS OF A-C PARALLEL CIRCUITS 



Required references: 
Electricity One-Seven , 

Basic Mathematics for Electricity and Electronics , 
Check-up: (2-4-10) 



t 



(OO 
VOLTS 

\ 



In the above circuit: 

(a) V/hat does 1 equal? 

(b) What does 1^ equal? 

(c) What does 1^ equal? 

(d) What is the impedance of the circuit? 

(e) What is the power? 

(f) What is the power factor of the circuit? 
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2. 
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In the above circuit: 



(a) What 



does 1 



equal? 



(b) What does 1^ equal? 

(c) What is the impedance of the circuit? 

(d) What is the apparent power? The true power of the circuit? 

(e) What is the power factor of the circuit? 

3. What determines the flow of current through each individual 
branch of an alternating^ -current parallel circuit? 

4. Why cannot the branch currents be added directly to obtain 
the total current in an a-c parallel circuit? 

5. Is direct addition permissible with the various branch 
currents in a d i rec t -cu r r ent parallel circuit? 

6. In a parallel a-c circuit consisting of several branches, 
what may be said of individual branch circuit voltages? 

7. What is meant by "equivalent series circuit?" 

8. If a 20-ohm resistor and a 15-ohm capacitive reactance are 
connected in parallel, what would the equivalent series 
circuit equal? 

9. How may the power factor of a parallel a"c circuit be 
dete rmined ? 

10. In vector diagrams for series RL circuits, what circuit 

quantity is used as the reference vector? Why? What is the 
reference vector for parallel RL circuits? Why? 
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Check-up: (2-4-11) 
1. 
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In the above circuit, if R * 60 ohms, L - 0.064 henry C 
microfarads, E - 120 volts, and the frequency - 60 cp^: 

(a) What does 1 equal? 

(b) What does 1 equal? 

(c) Wiat does 1 equal? 

(d) What does 1^ equal? 

(e) What does Z equal? 

(f) What does pf equal? 

(g) What amount of power is exp-nded in the circuit? 
2. 
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(a) What value of currert is 1| ? 
(b; What value of current is i^? 
fc) What value of current is 1^? 
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(d) What is the impedance of each branch? 

(e) What amount of power is expended in the circuit? 

(f) What is the power factor? 

If 230 volto are impressed across the circuit below: 



(a) What is the impedance of brciracti 1? 

(b) What is the impedance of branch 2? 

(c) What is the phase angle of branch 1? 

(d) What is the phast angle of branch 2? 

(e) How much curre t will flow in .ranch 1? 

(f) How much current will flow in branch 2? 

(g) What is the value of the total current? 

(h) What 18 the total impedance of the circuit? 
(1) What is the power factor of the circuit? 

(j) What amount of power expended in the circuit when it is 
operating at 230 volts? 



f?, r 
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Lesson 2-4-12 



RESONANCE IN A-C CIRCUITS 



Requlreu references: 
Electricity One-Seven> 



Basic Mathematics for Electricity and Electronics, 



Check-up: (2-4-12) 

1» What happens to the external-circuit current when the 
resistance is zero, and the Inductive reactance and the 
capacltlve reactance are equal, If connected In parallel? 

?• Assuming that we have only Inductance, L, and capacitance, C, 
In an alternating-current series circuit, what Is the 
Impedance at resonant frequency? What Is the Impedance for a 
resonant parallel circuit? 

3. What Is meant by ''internal circuit;" external circuit?" 

4. What is meant by "circulating current?" 

5. Why Is parallel resonance sometimes called "anti-resonance?" 

6. Is there any change in the voltage when resonance is reached 
in a parallel alternating-current circuit? 

7. What does the line current equal in a parallel resonant 
circuit? 

8. What prevents the total current from becoming zero when 
resonance is reached in alternating-current parallel circuit? 

9. Explain the difference between the voltage at series and at 
parallel resonance in an a-c circuit; the current; the 
Impedance • 

10. What is the resonant Lrtquency of a parallel circuit 

consisting of a capacitance of 400 micromiciof arads in one 
branch and an indue tance of 240 microhenries in the other 
branch? 
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TRANSFORMERS 



The following lessons ar^ intended to help you acquire: 

1. A general knowled^^ of the classifications and types of 
transformers and an understanding of their basic differences 
and how they function. 

2m An appreciation of the importance of transformers and how they 
are used in your trade* 

3. An understanding of terms common to transformers and 
transformer operation* 

Direc tions : 

1* Study catalogs of transformers and note the different types, 
sizes, and specifications. 

2. Familiarize yourself with all new words, terms, and 
definicions. Enter them into your notebook. 

3. Write out the answers to all of the check-up questions and 
turn them into your instructor. 

4. Study additional information from the various reference 
materials recommended by your instructor. 

S tudy-he Ip questions: 

1. What is the basic function of a transformer? 

2. What is the difference between a step-up and a step-down 
t r an s f 0 rme r ? 

3. What is meant by "emf of mutual induction" with regard to 
transformer action? 

4. If a transformer does not generate electric power, what 
actually happens? 
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Le88on2-4- 1 3 



BASIC PRINCIPLES OF TRANSFORMER OPERATION 



Required reference: 
Electricity One- Seven , 
Additional reference: 
American Electricians' Handbook , 
Additional information: 

Transformers are generally considered the most important single 
type of equipment in the entire process of distribution of 
electrical power. If electrical energy is to be transmitted with 
economy over any considerable distance, the transmission voltage 
must be high, so the line losses will be a minimum. You have 
already learned from Dam's Law that the voltage drop in a given 
line is a function of the current flow multiplied by the 
resistance, or by the impedance in an a-c circuit. If we assume 
that a line of several miles in length has an impedance of 5 ohms 
and we attempt to transmit power over this line, the voltage at 
Che generated end and the receiving end would, for all practical 
results, be the same as long as there is no current flow. If, 
however, 2 amperes were made to flow over this circuit, there 
would be a voltage drop equal to Zl or, 5 x 2 or 10 volts, in the 
line. The power loss in the line would be P - El or 10 volts 
times 2 amps - 20 watts. If the current were found to be more in 
the order of 400 amps, however, the voltage drop in the line would 
be 5 ohms times 400 amps - 2,000-volt drop, and a loss equ.il to 
2,000 volts times 400 amps or 800 kilowatts is a considerable 
loss. You can see that transmitting a large amount of current is 
impractical, also, in order to carry large currents the wire size 
would have to be unnecessarily large. 

Actually, in addition to amperes we transmit electrical energy, or 
power, measured in watts. If a customer uses 50 amperes at a 
voltage of 120, 6,000 watts will be used. Buy stepping up the 
voltage, the amount of current can be reduced to a point where 
there will be much less voltage drop and loss in the line. Six 
thousand volts times 1 ampere also equals 6,000 watts. 
Transmission voltages in common use today run many times higher 
than this~500 kv , 230 kv, 115 kv and 69 kv being some of the most 
common used. 

It is not feasible to generate electrical energy at the high 
voltages that must be used for transmitting large amounts of 
energy over great distances. Therefore, where the energy is 
generated at a low voltage, n step-up transformer is used to raise 
the generator voltage to one suitable for transmission, and then a 
step-down transformer is used to decrease the voltage for 
utilization. This is usually done in several steps. 
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At distribution substations, voltage is usually reduced to a level 
of 13.8 kv, 13.5 kv, 11 kv , 7,200 or 4,150 volts, and carried ori 
neighborhood lines. From this, still further reductions are made 
by use of the smaller pole-type transformers, to the 120/240 volts 
used by the average business or r;esldentlal customer. 

Transformers, It 1p evident v play a vital part In the electrical 
Industry. The transformer Is a device operated on the principle 
of mutual Induction. It Is remarkably simple In principle and In 
construction because It Involves no moving parts. Some of the 
reactions that occur within a transformer, however, are extremely 
complicated and tedious to explain. 

The section cn transformers In Volume 3 of Electricity One -Seven 
discusses mainly small dry-type transformers, bat regardless of 
the size of a transformer, whether a 50-volt: ampere unit or a 
15-mva unit, the principles are the same. It must have a 
laminated Iron core and a set of windings for the particular 
voltages which are to be used. 

Check-up: (2-4-13) 

1. What function of electricity makes the use of transformers 
possible? 

2. What is meant by the "magnetic clicult" of a transformer? 

3. What is the phase relationship between the primary and 
secondary voltages of a transformer? 

4. Is the magnetic circuit always through the core? 

5. What is the turns ratio of a transformer? 

6. What is meant by the "ratio" of a transformer? 

7. When the voltage of a circuit is raised to a higher value by 
use of a transformer, what effect does this have on the 
current of the circuit? 

8. What is meant by "ampere-turns?" 

9. In an ideal transformer, what is the relationship between the 
power primary and the power developed by the secondary? 

10. What constitutes the losses incurred in a transformer? 

11. What is hysteresis loss? 

12. What are eddy currents and how are they held to minimum in 
transformers? 
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13« What is meant by transformer efficiency? 

14. What is meant by saturated core? 

15. What is an au totransf ormer? 



ft 
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INSULATION 

LOW VOLTAGE 
WINDING 




HI6H \/0LTA6E 
- WIMOINO 



LAMINATED 
CORE 



CORE TYPE 

TRAMSFORMER 



Note: Id the core type transformer the colls surround the 
core. This construction Is used for moderate 
voltage, moderate size transformers. 



INSULATION 

LANllNATED 
CORE 




LOW VOLTAGE 
WINDING 

HIGH VOLTMB 
VUINDIMG 



SHELL TYPE 
TRANSFQRI^ER 



You will notice that in the shell-type t rans /orme r the core 
encloses the coil assembly. The shell-form construction has 
some inherent advantages ia thermal cha r a c t e r i s u 1 c s and 
electrical and mechanical strength; it is preferred for most 
large, high-voltage transformer applications. 
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Lesson 2-4-14 



CLASSIFICATION OF TRANSFORMERS AND TYPES OF CONSTRUCTION 



Required reference: 

American Electricians' Handboo k, 

Additional Information: 

Transformers, In general, are classified according to how they are 
used. Power transformers are large transformers used at 
generating stations to step up the voltage, and at substations to 
step down the voltage, for supplying distribution or transmission 
systems. Power transformers may also be used for tying together 
two power systems. 

Distribution transformers are primarily transformers used to step 
down from a distribution voltage to a voltage suitable for 
Industrial plant, residential, or commercial use, usually 480, 240 
and 120 volts. Such transformers are rated from 1.5 to 500 kva In 
size. A 500 kva transformer Is the highest rated transforjier to 
be classed as a distribution transformer. 

Instrument transformers are small transformers of about 200 or 500 
va in rating and are generally of two types; the potential 
transformer and the current transformer. Current transformers are 
connected in series with the line In order to permit the uee of 
low-voltage and low-current instruments and relays. Other types 
that could be listed are: sign lighting, door bell, and constant 
current or street-"^ Ightlng transformers. 

Check-up: (2-4-14) Instructor's Note : Apprentice metermen may 

omit this check-up. 

1. In power transformers, core type, what winding is usually 
found next to the core leg? 

2. Why is it necessary in power transformers to brace the 
windings well, especially near the ends of the windings? 

3. How are the primary and secondary windings placed with 
relation to each other on the core? 

How are the primary and secondary windings Insulated from one 
ano the r ? 

5. What materials are used for insulation? 

6. How does oil rank as an Insulator and what qualities has it 
that make possible its wide use in transformers? 

7. What kind of oil is used in transformers? 

11/ 
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8. 



What dielectric test should a good transformer oil stand? 



Why must the insulation be made extra heavy cn the end turns 
of high voltage transformers? 

What is an inert^ire transformer? 

What provisions are provided for the expansion of oil in 
transformers? 

Why is nitrogen used in transformers? 

What does 55 degrees centigrade temperature rise mean? 
What is a CSP distribution transformer? 

Calculate high-side and low-side amps of a single-phase 
transformer rated at 2,300/230/115 volts, 25 kva. 

Same question is used in check-up (111-6-D), If a 
transformer is rated at 150 kva, what would be its kw rating 
at 80 percent power factor? 

Can a transformer be used at a lower than rated voltage? 

Why are transformers rated in kva and not in kw? 

in some lo'zations where oil-cooled transformers are 
considered a fire hazard, what other methods may be used to 
cool transformers? 

The current input to the primary winding, with no load 
connected to the secondary winding, is usually from 2 to 5 
percent of full-load current. This is normally called 
exciting current, or charging current. What should be the 
charging current in a 2,500 kva, a single-phase transformer 
rated at 11,000 to 2,400 volts? 

Additional information: 

Transformer Impedance . The impedance of a iransfo*:mer Is the 
coaibined effect of resi:.tance and reactance drops usually given in 
percent impedance. In an actual transformer, the percant 

impedance may be easily obtained by measuring the primary voltage 
required to force full-load current through the secondary short 
circuited and expressing the result as a percentage of the rated 
primary voltage, usually between 3 and 6 percent. 

For example, if a 10 kva transformer rated 2,400/240 volts were to 
be tested, we should divide 10,000 va (transformer rating) by 240 
volts to find 41.6 ampp rated current in the secondary. Then with 
the secondary short circuited (XI to X2), we find it took 120 
volts applied to the primary (Hi to H2) to cause 41.6 amps (rated 
current) to circulate in the secondary; this ^ould be the 
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Impedance voltage. The percent impedance voltage Is the ratio 
impedance volts to the rated terminal volts, or 120 volt8/2,^<0G 
volts • 5 percent. 



Polarity Markings . The American Standards Association (ASA) has 
standardized the method of marking transformer ttrminals to 
indicate the polarity of the windings. The leads HI, H2, XI, X2, 
are so marked that when the instantaneous voltage is from HI to 
H2, it is also from XI to X2. In a transformer where HI and XI 
are adjacent, as in Figure 6-a, tha transformer is said to be 
"subtractive polarity." In a transformer wh«re HI and XI are 
placed diagonally, as in Figure 6-'b, the transformer is said to be 
"additive polarity." The standard says the HI lead is brought out 
on the right-hand side of the case, facing the high-voltage side 
of the transformer case. 



If the leads are not marked, or if it is desirable to check the 
polarity of a transformer, a f,est lead may be installed to connect 
the high-voltage lead on the left to the low-voltage lead on the 
left and a relatively low-test voltage applied tu the high-voltage 
leads, as shown in Figure 6-c. The transformer is additive 
polarity if VM 1 + VM 2 - VM 3, and the transformer is subtractive 
polarity if VM 3 - VM 1 - VM 2. 

Polarity may also be determined by flashing the high-voltage 
winding ^ith a battery. With direct current passing through the 
high-voltage winding, with positive of the battery to HI and 
negative to H2, and a d-c voltmeter connected to the secondary 
winding with positive lead to XI and the negative lead to X2- the 
pointer on the voltmeter will make a positive, or up-scale, 
deflection when the battery is connected and it will swing in a 
negative direction, or down scale, when the battery is 
disconnected. The polarity of direction or down scale when the 
battery is disconnected. The polarity of both potential and 
current transformers may be checked in this manner. 







Figure 6-a SUBTRACTIVE 



Figure 6-b ADDITIVE 
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Figure 6-c TEST FOR POLARITY 



All transformer testing involves the hazard of high voltage. 
Because of this, low-test voltage should always be used and care 
should be taken to see that this voltage is not inadvertantly 
transformed to a high potential. No one should be allowed to make 
tests on transformers until the person has been instructed in the 
hazards involved and the proper safety precautions. 



The ASA and National Electrical Manufacturers Association (NEMA) 
transformer standards says that all single-phase transformers up 
to 200 kv and ha^^ing a voltage rating not in excess of 9,000 volts 
shall be made of additive polarity. Subtractive polarity shall be 
standard for all single-phase transformers in sizes of 200 kva and 
above, having high-voltage rating above 9,000 volts. 



Single-phase Paralleling. If greater capacity than one 
transformer can handle is required, two transformers of the same, 
or different, kva ratings may be connected in parallel. 
Single-phase transformers of either additive or subtractive 
polarity may be paralleled if connected as shown in Figure 6-d and 
if the following conditions are met: (1) voltage ratings are 
identical; (2) tap-settings are identical; (3) impedance of one Is 
between 92.5 percent and 107.5 percent of the other; and (4) 
fre<]uency ratings are identical. 
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PARALLELING WO 
TRAhlSFOmERS WITH 
AWITIVE PCLAmrV 



PARALLELING TWO 
TRANSFORMERS WITH 
SUBTRACTIVE POLARITV 



PARALLELING TWO 
TRANSFORSiERS, ONE 
SUBliiACTIVE POLARITV 



Fig. 6-d 
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Transformers will not operate satisfactorily in parallel unless 
their turns latios are very close to the same. A difference 
turns ratios will cause a circulating current to fl 
load. The impe'^ance has an effect 
impedance percents are the same 
prope rly . 



same. A difference in 
current to flow, even at no 
on parallel operation. If the 
they will divide the load 



Transformer Connections. Practically all residential consumers 
and many commercial installations require single-phase, three-wire 
service. One transformer only need be used. Its secondary 
windings should be connected in series and a tap made between the 
two windings of the distribution transformer to which the neutral 
is connected. This provides 240 volts between the two outside 
wires for heating or appliances, and two circuits of 120 volts for 
lighting and plug receptacles. The current in the neutral of a 
single-phase, three-wire noninductive circuit Is the difference 
between the currents in the two line wires. If the currents in 
the two windings are balanced, the current in the neutral wire is 
zero. The neutral should always be grounded for safety's sake. 
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Figure 6-e CONNECTIONS FOR A 
SINGLE-PHASE, THREE-WIRE SYSTEM 
SUPPLIED FROM A SINGLE-PHASE 
TRANSFORMER 



Sometimes when the load requires only a 120-volt supply, the 
connections on the secondary of a distribution transformer may be 
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changed inside the tank froni the normal series connection to a 
parallel connection, as shown in Figure 6-f, in order to take 
advantage of the full capacity of the unit. 
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Figure 6-f 





L 








UOV 




1 





Tap Changers . Many transformers are provided with taps to permit 
changes in the voltage ratio. The simplest method is to have the 
tap points of the high-voltage winding brought out to a small 
terminal located inside the transformer. By changing the tap 
connect ions, the number of turns on the primary winding are 
changed. These taps are usually located in the center of the 
winding or near the neutral end away from line surges. The use of 
a terminal board makes it necessary to lower the oil level, open 
the manhole, and use tools to make the change. The tap changer 
is, therefore, commonly used on practically all transformers of 
any si?:e. The ordinary tap changer is operated only with the 
transformer de-energized and is really a switch which, when moved 
to different positions, cuts out sections of windings to decrease 
the turns ratio between the primary and secondary windings and 
thereby increases the secondary voltage. 

Sometimes power transformers are provided with equipment for 
changing their voltage ratio under load by moving the tap changer 
in a compartment entirely separate from the transformer tank, 
idimersed in oil, and usually driven by a small motor. 
Transformers with "load-railo control," as it is commonly called, 
are used for regulating voltage on distribution systems. 

Three-phase Connections . Nearly all electrical power today is 
generated by three-phase generators, and transmitted and 
distributed over three-phase circuits. The generator generates 
three voltages of the sace magnitude and frequency, 120 degrees 
apart. Power systems are either delta or vye, the delta having 
three power lines, and the wye having three power lines and a 
neutral. T i* a n s f o rrae r s are used on these two types of systems to 
step the voltage up and down as required and also use two basic 
types of connections, either delta or wye. 
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To understand better the many problems associated with transformer 
connections, you should have some knowledge of 
"phasors/' as they are sometimes 

The usual method of representing quatitles in a vector diagram 

the root-mean-squars or effective values of 
voltage as the magnitude of the vector. Since 
quantities which alternate at a frequency of 60 
the vector can be assumed to rotate 360 



as standard. 



vector diagrams, or 
called, and voltage diagrams. 
_ quatities in 

utilizes the roo t-mean-saua or aff^r^^A^,^ _ current or 

vectors represent 
cycles per second , 
rotate 360 degrees in one complete 
cycle, and^counterclockwise rotation has been universally accepted 
p^g^j.g shows three voltage vectors, 120 degrees 

apart. The position of these 
vectoic is relative and of an 
arbitrary location. Once the 
reference is chosen, the 
position of the voltage vectors 
with respect to each other 
becomes fixed. Voltage 
transformation on three-phase 
systems may be accomplished by 
using three single-phase 
transformers whose core 
structure consists of three 
legs with the low and high 
voltage windings for each phase 
wound on one of the three legs. 
The diagrams of three-phase 
transformers norma lly employ a 
system z2 numbering in place of 
arrows . 




Figure 6-g 
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from polarity 
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Three-Phase Voltag Diagrams . You will remember that the voltage 
drop from polarity to nonpolarity on the 
substantially in phase with the voltage drop 
nonpolarity on the secondary side. 



SUBTRACTIVE TRANSFORMER 



Therefore, the primary and secondary 
vectors, or phasors, must be substan- 
tially in phase also. 



VOLTAGE DIAGRAM FOR A 
SINGLE SUBTRACTIVE 
TRANSFORMER 




VOLTAGE DIAGRAM FOR 
A SINGLE ADDITIVE 
TRANSFORMER 



ADDITIVE TRANSFORMER 
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Yo- will note that in the voltage diagrams 
HI and H2 are always shown in phase with 
XI and X2. Whether the transformers are 
wound additive or subtractive, the 
polarity for the voltage diagram must be 
shown in PHASE, 



This is the principle that is applied in 
constructing the transformer connections 
diagrams for three-phase operation. It 
also follows that if HI H2 (primary 
winding) be placed at a position 210 
degrees from zero, then Xi X2 (secondary 
windings) must be substantially in phase 
with it, or 210 degrees. Often 
transformers have three windings 
(tertiary) and because all windings are on 
the 3ime core, the voltages are all 
substatially in phase. 
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If you can 
watching the 
would note that 
then C, 



assume yourself standing at some reference point 
vectors rotate in a counterclockwise manner, you 
the order of rotation would be A, then B, 
and etc. This A, B, C rotation is referred to as 



positive rotation or positive sequence, A rotation of A, C, B 
would be reverse or negative sequence. The normally-balanced 
system is said to produce these three vectors equal in magnitude, 
120 degrees out of phase and rotating in & direction so they reach 
their positive maximum values in a sequence of A, B, C, You will 

Connection," th£t the primary and 
the same rotation and in the same 
6- j , "Y-Y Connection," however, show 
behind the primary A vector by 180 
observe from your reference point. 



notice in Figure 6-i , "Y-Y 
secondary vectors are all in 
phase. The vectors in Figure 
the A -secondary would lag 
electrical degrees, as you 

Note also that the phase .sequence is still A, B, C, or positive. 
The AIEE standards provide uhat the leads shall be marked in such 
a way that phase rotation of high and low voltages HI, H2, XI, X2 
shall be the same. That is, if a three-phase motor were 



transferred 
circui t , its 



from the high-voltage circuit to the 
direction of rotation would be the same. 



low-voltage 



Transformers on three-phase systems are connected in any one of 
four standard ways. The wye-wye connection just described, the 
wye-delta connection, the delta-wye connection, and the 
delta-delta connection, 

Wye-Del ta Connect ion . The wye-delta connection is used primarily 
on a wye power system. The high side is connected wye and the 
lowside delta. The low side is usually used to supply loads 
requiring three-phase orly. A wye connection on the low side can 
be used to supply loads requiring both single-phase and 
three-phase. 
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WYE-DELTA C0:;NECT10N with 30° DISPLACEMENT 

Figure 6-k 
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The voltage diagram (sometimes referred to as the "vector 
diagram") for a 3 0 transformer connection using three single- 
phase transformers is shown in Figure 6-i with the transformers 
being labeled 1, 2, and 3, for clarity. 

A e c 




Hi 



Hi 



Hz 
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1^2 



VOLTAGE DIAGRAM CONNECTION DIAGRAM 

Y-Y CONNECTION WITH 0° PHASE DlSPLACEMENi 

Figure 6-i 

The same transformers could be connected as shown in Figure 6-J . 
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VOLTAGE DIAGRAM CONNECTION DIAGRAM 

Y-Y CONNECTION WITH 180° PHASE DISPLACEMENT 

Figure 6-j 
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When three transformers art operated with their high-voltage 
windings in wye, the incoming line voltage is the square root of 3 
or 1.732 X the transformer winding voltage. Many three-phase 
transformer banks used to step-down three-phase voltages of 60 kv 
or higher are connected in wye-delta. It is also a convenient way 
of boosting the transmission voltage without purchasing additional 
transformers. To obtain the total kva capacity of the transformer 
bank, the kva ratings of the individual transformers are added. 

Angular displacement between the high-voltage and low-voltage 
windings is the angle between the lines passing from the neutral 
point as reference. You will note that in Figure 6-k the A 
secondary is lagging the A primary by 30 degrees. Angular 
displacement becomes important when two or more three-phase banks 
are i nte r connec t 'jd into the same secondary system or when 
interconnections are made between two power systems. 
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Figure 6-1 WYE-DELTA ALTERNATIVE CONNECTION WITH 210 
DISPLACEMENT. NONSTANDARD 



In this connection, Figure 6-1, the primary windings have their 
NON-POLA coramoned or vyed up. The secondary A ^voltage now lags 
the primary A <^ voltage by 210 degrees. 




Figure 6-m DELTA-DELTA CONNECTION WITH 0° ANGULAR DISPLACEMENT 



Delta-Delta Connect Ions * The delta-delta connection shown in 
Figure 6-m has been one of the most commonly used in the past. The 
three windings are connected in a series arrangement, the end of 
one primary winding is connected to the beginning of the next 
primary winding. The primary winding of each winding of each 
transformer is connected directly across the line voltage, and 
because of this the transformer coil winding and bushings must be 
rated for line voltage. This type of connection is most generally 
used with a delta power system, but may be applied on a wye power 
system. The line current in a delta-connected transformer bank is 
equal to 1.73 times the winding current. If one of the 
transformers in the bank should fail, secondary power can be 
supplied by reconnecting in open-delta for emergency service, in 
which case the rating of the bank will be 57.7 percent of the 
original bank rating. 




figure 6-n DELTA-DELTA CONNECTION WITH 1S0° ANGULAR DISPLACFMhNT 
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The open delta Is a two- 
transformer connection, used 
primarily on delta power 
systems. Its purposes are the 
delta-delta 



same as che 
it 1 8 used 
transformers 
supplying a 
The voltages 

the two windings are the 
as in the delta-delta, 
currents in the windings 



but 

when only two 
are available for 
three-phase load, 
impressed across 
same 
The 
are 



changed because the current in 
two of the lines have only one 
path. The current 
windings is therefore 
the line current. 



in the 
equal to 




TRANSFORMER 
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NO. I 



Figure 6-0 OPEN-DELTA CONNECTION 



Del ta-Wye Connect ion . Tfansfcrmers can also be connected in a 
delta-wye arrangement. The delta primary and wye secondary is 
used for both step-up and step-down. Figure 6-p shows the 
connections for a delta-wye transformer bank used to step-up the 
voltage from a generating plant, the voltage coming out of the 
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Figure 6-p DELTA-WYE CONNECTION WITH 30^ \NGULAR DISPLACEMENT 



generators at 13,8 kv and being stepped up to a transmission line 
voltage of 115 kv. This type of connection is well adapted for 
stepping up voltages. The input voltage is stepped up by the 
transformer ratio and is further increased by the factor of 1.73. 
The transformers each have a ratio of 13,800 volts to 66,500 
volts. Each high-voltage secondary winding is connected between 
the secondary neutral and one of the three line wires. The 
voltage between the neutral and any one of the three line wires is 
the same as the secondary coil voltage or 66 , 500 volts. The 
voltage across the three line wires is 3 x 66,500 or 115,000 
volts . 

A wide variety of voltage-vector diagrams representing voltage 
relations for various transformer onnections can be drawn. As 
commonly used, the straight line is drawn representing the 
physical winding of the transformer. As long as the vector is 
kept parallel to its original position, it can be moved at will to 
indicate its physical connection to other windings. In a 
three-phase transformer the time relations between the voltage are 
the same as for a single-phase transformer. In the normal 
application of voltage diagrams, an arrow on the vector or a 
polarity mark is unnecessary since the numbers on the vector give 
ti.e required information. The high- and low-voltage leads on 
three-phase transformers which connect to the full-phase windings 
are marked HI, H2, H3, and XI, X2, X3, respectively. The 
full-phase winding of a tertiary winding is marked Yl, Y2 , and Y3. 
A neutral lead is marked with the proper letter followed by 0 (HO, 
XO) . 

Three-phase Transformers . The three-phase transformer, sometime,; 
referred to as polyphase, has three separate windings or 
electrical circuits, but has one common core structure all placed 
in a single cas3 or tank. The connections between coil windings 
are made inside the transformer case. The three-phase transformer 
has some advantages over three single-phase transformers as the 
kva rating of the bank is increased. A three-phase transformer 
costs less; there is only one unit to install and connect; it 
occupies less space; it weighs less; and the connections are 
simple. The three-phase transformer, on the other hand. Is not 
quite as f lexibl : as the single-phase bank, and, in the very high 
voltage class, it is more economical because f insulation 
involved to construct the single-phase unit. 

To simplify connections of the transformers, all leads brought out 
of the case or tank are marked by a system of letters and numbers, 
as mentioned, and appear on the diagram nameplates or connection 
diagrams which accompany the transformer. Markings are applied so 
that, with the sequence of voltage on the high-voltage side in the 
order HI, H2 , H3 , it will be XI, X2 , X3 on the low-voltage side. 
Angular displacement between the high-voltage and low-voltage 
winding is the angle between the lines passing from the neutral 
point through HI and XI, respectively, in the voltage-vector 
diagram. AIEE standards give three angular displacement groups 
for three-phase transformers. 
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Figure 6-q 



LEAD MARKINGS AND VOLTAGE VECTOR DIAGRAMS FOR A FEW OF 
THE USUAL THREE-PHASE TRANSFORMER CONNECTIONS 



Groups 1, 2, and 3 have 0, 180, and 30 degrees, respectively. 

Use of Delta Winding to Suppress Harmonics. When three 
transformers are connected in wye and operate as a three-phase 
bank, their voltages and their exciting currents are 120 degrees 
apart. If the neutral is not grounded or without a fourth neutral 
vire, the three leads supplying the transformers are carrying 
current to and from the transformer and the sum of the 
instantaneous currents must be zero. The third narmonic parts of 
the exciting current in each line cannot add u? to 2ero, being 
three times the normal frequency, they are three tinies 120 
degrees, or 360 degrees apart and, if this exci:ing current 
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(third-harmonic) cannot flow, it will induce a difJtorted-voltage 
wave which will contain a thir harmonic components Harmonic 
voltages are objectionable because they introduce an additional 
voltage stress between windings and ground and may be the cauce of 
telephone interference. Grounding the neutral eliminates some of 
the above problem. 

In three-phase trancformers with wye-wye connections, it is common 
practice to provide a third winding connected in delta which 
provides a path for the third-harmonic exciting current to 
circulate around in. Such a winding is called a tertiary winding 
and it may or may not be used to supply external load in addition 
to its primary function of suppressing harmonics. 

The Grounding Transformer . On delta power systems, it is 
sometimes desirable to provide a ground source in order to detect 
and thus limit the potential hazard of energized phase: wires on 
the ground which expose the public to danger. Overhead systems 
are subject to disruption by automobiles, ice and windstorms. In 
the ungrounded system, the line conductors have capacitances 
between one another and to the ground. If one conductor becomes 
grounded, the voltage across the other two capacity branches will 
increase to phase-to-phase voltage which sometimes causes 
insulator failure. 

In such cases, a grounding transformer is used. The grounding 
transformer carries no load, normallyj, and supplies current only 
if one of the lines becomes grounded. Usually a ground fault is 
detected by a relay operated either by the current in the ground 
lead or by the unbalance of line voltage which results, and the 
relay, in turn, operates a circuit breaker to disconnect the 
faulted line. Grounding transformers are usually wound "zig-zag" 
for economy, with no secondary winding. 

Grounding transformers may be a 
wye-delta transformer with the 
neutral solidly grounded and the wye 
terminals connected to the phase 
wires of the delta system. In this 
case, the delta must be closed to 
provide a path for the zero-sequence 
currents which may be rather large 
in the event of a phase- to-ground 
fault on the high side. The delta 
winding may or may not be used to 
serve other loads. The wye winding 
must be of the same voltage rating 
as the circuit which is to be 
grounded . 

ZIGZAG, OR INTERCONNECTED 
WYE TRANSFORMER CONNECTION 

Figure 6-r 
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Instrument Transformers * Instrument transformers are used for two 
reasons: first, to protect station personnel from contact with 
high voltage circuits, and second, to permit the use of 
instruments with a reasonable amount of insulation and reasonable 
current-carrying capacity. Direct measurements of high voltage or 
heavy currents would involve large and expensive instruments and 
relays in a wide variety of designs. The function of instrument 
transformers are to deliver to the instruments a current and 
voltage which shall be always proportional to the primary current 
and voltage, and not exceed a safe potential above ground. 
Generally, the secondary of a voltage transformer is designed for 
about 115 V xts and the secondary of a current transformer for 5 
ampe r es • 

There are two general classes of instrument transformers: the 
potential transformer, and the current transformer. The potential 
transformer operates on the same principle as a power or a 
distribution transformer, only with lower ratings of 100 to 500 
volt-amperes, with the low-voltage side usually wound for 120 
volts. The load, or burden, consists of voltmeters, wattmeters, 
watthour meters, power factor meters, protective and regulating 
relays, to name a few. One transformer can be used for a number 
of instruments at the same time if the total current taken by the 
instruments does not exceed that for which the transformer is 
designed. 

The current transformer is a special development of the 
transformer principle. It is designed so that its primary winding 
is in series with one of the line wires. The object is to 
maintain a constant ratio between the currents in the primary and 
secondary windings, instead of a constant ratio between voltages, 
which is the usual requirement. Current transformers are used 
with ammeters, wattmeters, power factor meters, watthour meters 
protective relays, and the trip coils of circuit-breakers. One 
current transformer can be used to operate several instruments 
provided the combined burden does not exceed that for which the 
transformer is designed and compensated. 

The primary of a current transformer consists of one, or only a 
few turns of heavy wire wound on a laminated iron core. The 
secondary consists of more turns of smaller wire, wound on the 
same core as the primary. The current rating of the primary is 
the maximum value of current which the winding should normally 
carry. The secondary winding is always rated at 5 amperes. The 
instruments connected in the secondary circuit of the transformer 
are placed in series, so that the secondary current will pass 
through each instrument. In the potential transformer, the 
instruments are all connected in parallel. As instruments are 
added to the current-transformer circuit, higher voltage is 
required to force the current through the instruments. For this 
reason the secondary circuit of a current transformer must never 
be opened when current is flowing in the primary. Even a small 
value of primary current produces an excess of core flax and a 
correspondingly high secondary voltage. Voltages of several 
thousand volts are possible under open-circuit conditions. 
Absolutely no harm can come from short-circuiting the secondary of 
the current transformer and this should be done whenever the 
O ;ansformer is not to be used, or if it is necessary to change the 
EH|C rcuit while it is ene rgiz ed ^^25 
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Since a-c current is continually reversing ? ts directi:)n, one 
might well ask what is the significance of polarity markings. Its 
only significance is in showing the direction of current flow 
relative to another current or to a voltage. To connect 
instrument transformers to wattmeters, watthour meters, etc., It 
is necessary to know the relative instantaneous direction of 
currents in the leads. For this reason the leads of the primary 
and secondary are marked. The usual practice* is to use the HI, 
H2, XI, X2 markings used in power transformers. The convention is 
thac, when primary current enters the HI terminal, secondary 
current leaves the XI terminal. You may still find some 
transformers marked with a white polarity mark. When paint is 
used, the terminals corresponding to HI and XI are identified. 

Instrument transformers are sometimes divided into thrie general 
classes depending upon their insulation. A dry-type is one in 
which the insulation consists only of solid insulating material. 
A compound-filled instrument transformer is one which is contained 
within a case, and in which the structural insulating material is 
supplemented by submergence in a solid or semi-solid insulating 
material introduced into the case in a fluid state. An 
oi l-immersed instrument transformer is one which is contained 
within a case and in which the structural insulating material is 
supplemented by insulating oil in which the transformer is 
subme rged . 

There are many different designs employed in the construction of 
instrument transformers, but the three general types are the wound 
type, the through type, and the doughnut type. Through-type 
current transformers have no primary winding, but use the current 
carried by the cable or bus bar to energize the core. The 
simplest, of course, is the doughnut type, which can be slipped 
over the switch gear bus. Almost all large power circuit breakers 
utilize this type of C.T. installed in the bushings. The 
transformer is mounted over the terminal bushing and consists of 
ring-shaped iron punchings or a strip-wound steel core, around 
which Is wrapped an insulated secondary winding. 

The accuracy of bushing-type transformers is somewhat dependent on 
the number of ampere-turns in the transformer. Since there is 
only one primary turn, this amounts to saying that the larger the 
ratio, the better will be the accuracy. Since these C.T.'s are 
used for larger amounts of power, accuracy at small currents is 
not so important if they respond to the larger amounts. They are 
commonly used to operate relays, trip coils and meters in power 
substations, and their accuracy is normally satisfactory for this 
type of service. 

Bushing type C.T.'s are often provided with several taps which can 
be connected to provide a choice of ratio. When shorting out a 
multi-ratio C.T., the short circuiting of any two leads 
effectively short-circuits the output of the entire transformer. 
It is obvious then that only one ratio can be used at a time. In 
Figure 6-s you will note that a ratio of 600 amperes to 5 amperes 
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is available if the secondary taps X2 and X3 are used. The XI 
tap, normally considered polarity, is not used, nor is the X4 
terminal. when intermediate taps ?.re used, the tap numerically 
nearest XI has the same polarity as XI. The HI, or polarity on 
the primary, is normally installed toward the bushing terminal. 

All instrument transformers should be grounded on the secondary 
side as an extra precaution against danger from the high voltage 
in case the insulation should be punctured by lightening or other 
abnormal stresses. In three-phase connections, any point of the 
secondary may be grounded, but it is preferable to use a neutral 
point or a common wire connection, and it is best to ground this 
to only one point, preferably at the switchboard. 
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TYPICAL RUSHING TYPE CURRENT TRANSFORMER POLARITY LEAD 
MARKING-CONNECTION FOR OIL CIRCUIT BREAKER 



CONNECTION CHART 



MARKED 
RATIO 

200 to 5 

400 to 5 

600 to 5 

800 to 5 

1200 to 5 



TURN 
RATION 

40 to 1 

80 to 1 

120 to 1 

160 to 1 

240 to 1 



SECONDARY 
TAPS 



XI 
X3 
X2 
XI 
XI 



X2 
X4 
X3 
X3 
X4 



Several Words of Caution. Never fuse the secondary circuit of a 
C.T. and never open the seconaary of a C.T. in an energized 
circuit. 

A current-transformer secondary should be kept shorted, even in 
storage. Never short-circuit the secondary terminals of a 
potential transformer. A short-circuited potential transformer 
will burn out in a few seconds since the reaction is the same as 
that of a short-circuited distribution transformer. 



An 



instrument transformer secondary should always be 
grounded, so as to limit the possibility of high voltages. 



well 



A possible cause of high voltage in a C.T. or p.T. secondary is 
electrostatic induction from the high-voltage winding if the 
secondary is not grounded. It is possible to have voltages 
between the grounded secondary and groi nd of from 15 to 30 percent 
of the circuit voltage to ground. 

The transformer acts as a capacitance voltage divider and, 
although there is little energy back of this voltage, the person 
or persons working on the secondary circuits who come in contact 
with such a potential could receive a severe injury. 



Some Points to Remember , 
three-phase : 



In 



a delta-connected system, three-wire. 



a. The coil winding of the transformer and the line voltage are 
equal. 

b. The line current is equal to 1.732 times the current in the 
transformer winding. 

c. The current in the delta connected winding of a transformer Is 
equal to the line current divided oy the square root of 3 or 
times 0.58. 
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1.732 X E X cos 0 
For balanced loads 
P«1.732xExIx cos 0 



Where: E - 0-0 voltage 

T - current In line 
P » power in watts 
cos 9 « pow<»r factor 
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13. 



In a wye-connect?d system, four-wire, three-phase: 

a. The line voltage is equal to 1.732 x transformer coil voltage 

b. The coil winding and line currents are equal, 
^' ■ ^ Where: E ^ 0-N voltage 

I » current in line 
P - power in watts 
cos 0 « power factor 



3 X E X cos 0 
For balanced loads: 
P * 3 X E X 1 X cos 0 



DELTA 





WYE 
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Lesson 2-^-15 

TRANSFORMLR CONNECTIONS 
AND INSTRUMENT TRANSFORMERS 



Check-up: (2-/<-15) 



SecONOARY 




5:1 

TURNS 

RATro 




I . 

2. 
3. 
U. 

5. 
6. 

7. 



' f Epp = 500 volts, then Ep = 

' Epp - 865 volts, then Eg « 

If Ep = 10^*5 volts, then Ejp - 

If En -20 volts, then Ejp - 

If Es = 1^80 volts, then Ep = 

If En = 277 volts, then Ep = 

If Ip = 100 amps, then Ipp (through Epp) 
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8. If load is balanced and Ip «= 58 amps, then Ig = ? 

3. If L| = L2 = and Lfj « Oi^, then 1^ « 0, True or false? 
iO. If L] » L2 « L3 = Lh, then 1/^ * '3 'c ^rue or false? 

Check-up: (2-^-16) 

1. Why are instrument transformers used? 

2. What are some advantages of a single-phase, three-wire circuit? 

3. What is the difference in single and polyphase transformers and what 
advantage has each type over the other? 

What polarity is r.x)st common in: (a) a power transformer; (b) a dis- 
tribution transformer; (c) an/ instrument transformer? 

5. What is a transformer with a tertiary winding 3nd what purpose does this 
winding serve? 

6. What is a transformer wi th taps and what Is their purpose? 

7. Are the taps located near the end or in the center of the winding? 

8. What problem is created by connecting a three-phase tank of transformers 
wye-wyp and how is it overcome? 

9. How are transformer leads marked? 

10. Explain what is meant by ^'additive" and "subtract i ve" polarity. 

11. List three requirements which should be observed if two transformers of 
equal kva capacity are. to be connected In parallel so they will share 
the load. 

12. Can transformer taps be changed under load? 

13. Make a connection diagram that shows how a transformer bank is connected 
for supplying a 2i|0-volt, three-wire, three-phase system from a 2i*00-volt, 
three-phase source. Use single-phase transformers with additive polarity. 



131 



rated 2^00/2^0 volts at 100 kva . Mark the polarity of all transformer 
leads . 

LulaJ Ijl>laJ IjlaaJ 

m m 



lA. A balanced load of 200 kw at 0,80 lag power factor is supplied by the 

transformer bank in problem 13- What Is the primary line current? The 
secondary 1 ine current? 

15. If one of the transformers in problem 13 were damaged and had to be 

removed, show how you would re-connect the remaining two, so as to main- 
tai n s-^.rvi ce. 



16. What is the maximum balance load in kw of power factor O.8O lag which 
could be connected to the transformer bank during the emergency described 
in question 15? 

17. Make a connection diagram for three single-phase, 30 kva, 2400/l20-vol t 
transformers with additive polarity to supply a four-wire, three-phase 
service of 1 20/208-vol ts that can supply both 120-volt single-phase 
lighting service and 208-volt, three-phase motor load* Show the high 
side of the bank connected to a 2^00/^ I6O-V0I t , three-phase primary. 





18. If the power factor of the load is O.8O what is the maximum balanced 
three-phase load that should be connected to the bank described in 
question 17? 

19. A three-phase, wye-connected transmission line has a voltage of approxi- 
mately 60,5 kv across the three line wires and 35 kv from each line to 
ground. Make a connection diagram showing how to connect three trans- 
formers rated at 35,000 to 11,000 volts, 2,000 kva, with subtractive 
polarity so as to step the transmission voltage down to supply energy to 
an 11,000-volt, three-phase, three-wire distribution system. 

20. What is the line current on the secondary side when the transformer in 
question 19 is loaded to rated capacity? Neglect any losses. 

21. What is the line current on the primary side when the transformer in 
question 19 is loaded to rated capacity? Neglect any losses. 

22. 15,000 kva transformer 

63,350/1^6,700 - 13,200/7200 volt 

L.V. 





TAP 


H.V. 


1. 




2. 


65025 


3. 


63350 


k. 


61675 


5. 


60000 



13200 volts 



Complete the connection diagram for the above transformer if it is to 
be connected to a three-phase wye system having 57fOOO volts across the 
three-phase wires and 33,000 volts from each phase to ground. The secon- 
dary is to supply energy to a three-phase wye distribution system having 
approximately 12,400 volts across the three-phase wires and 7, I60 volts 
from each phase to neutral. What tap is the transformer to be set on? 

A 

B 

C 

0 



//jO 



J_ 



rrrr] 



•J 



A. 
B. 

C . 
D . 
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23. If, in question 22, the voltage is low and you a^e asked to change the 
taps, would you move the tap changer to a higher or lower tap number? 

2^. If a transformer is rated at 150 kva, what would be Its kw rating at 
80 percent power factor? 

25. Complete the connections for a three-phase open-wye open-delta for 

I2O/2AO service as shown in the voltage diagram. This bank can then 
be used to supply large sinple-rhase 2k0 volt and 120/2^0 volt loads 
with small amounts of three-phase loads. 



A 
B 
C 
N 




a 



2?£)" ANGULAR 
VTSPLACEHENT 



Hi 



m, on. 



A 
N. 

B 

C 
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ELECTRICAL THEORY 



UNIT V 
METERS AND INSTRUMENTS 



This unit contains the following lessons: 
ELECTRICAL MEASURING INSTRUMENTS 

Meter Construction and Meter 
Movement s 

Meter Characteristics and 
Multirange Amme te rs 
Voltmeters - Ohmeters and 
Megohmeters 

Power Meters and Vacuun-Tube 
Vol tme te r s 

Bridge Circuits and Voltage 
Dividers 



Lesson 2-5-1 
Lesson 2-5-2 
Lesson 2-5-3 
Lesson 2-5-4 
Lesson 2-5-5 
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ELECTRICAL MEASURING INSTRUMENTS 



You are to acquire from your study of the following lessons: 

1. An understanding of the principles and operation of basic 
meter movements. 

2. The use and application of a few of the more common 
instruments that are normally used in the power industry. 

3. An understanding of how power is measured. 

4. The theory and application of multirange instruments. 
Directions : 

1. It is recommended that the instructor permit the members of 
the class to connect and become familiar with some of these 
instruments in an electrical lab class session, to take 
readings and also to calculate the resistance, impedance, 
volt-amps, watts, etc., of several coils, resistances and 
typical electrical loads as may be available. 

2. Read any additional references that are assigned by your 
ins trustor, 

3. Write and hand in the answers to all the check-up questions. 
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Lesson 2-5-1 



METER CONSTRUCTION AND METER MOVEMENTS 

Re quired references: 
Electricity One-Seven , 

Basic Mathematics for Electricity and Electronics , 
Check-up: (2-5-1 ) 

1. What are the two basic types of current meters? 

2. If the current through a coil is increased, what happens to 
the magnetic field around the coil? 

3. What is another name for the moving-coil meter? 

4. What are the three types of moving-iron meter movements? 

5. What basic parts are common co most meter movements? 

6. Explain the difference between a hot-wire ammeter and a 
thermocouple meter. 

7. Explain why two springs are -ised in meter movements and how 
changes in temperature are compensated for? 

8. Explain the principle and function of the zero-adjust s^rew. 

9. If the current through a moving-coil meter doubles, by how 
much does the pointer deflection increase? Do moving-iron 
meters react the same? Explain any difference in the scales 
for the two meters. 

10. What is meant by damping in a meter? Why Is it necessary? 
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Lesson 2-5-2 

METER CHARACTERISTICS AND HULTIRANGE AMMETERS 



Required reference : 
Electricity One-Seven , 
Check-up: (2-5-2) 

1. Define meter sensitivity. What is its significance? 

2. Why can't the basic moving-coil meter measure a-c? 

3. Why is it desirable for a-c meter to indicate rras values? 

4. Why is a rectifier meter less accurate than a basic 
moving-coil meter? 

5. What type of meter is used to measure high-frequency current? 

6. Why are external shunts used with meters designed to measure 
very large currents? 

7. What is a multirange meter? What is the advantage of such a 
me ter ? 

8. What is meant by "observing polarity" when connecting a 
current meter? 

9. Why should a current meter never be connected in parallel 
with a power source or load? 

10. Should a 9 5-ml 1 1 1 ampe r e current be '-.easv^-ed with the 0-10 
milliamperea , 0-100 mi lliamperes , or 0-1 ampere range of a 
multirange meter? Explain your reason. 
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Lesson 2-5-3 



VOLTMETERS--OHMMETERS AND MEGOMMETERS 



Required references: 
Electricity One-Seven . 

Basic Mathematics for E 1 e ctroilcs and Electricity , 



Check-up: (2-5-3) 

1. Explain how a current meter movement can be made to measure 
voltage. 

2. Why are multiplier resistors used In voltmeters and shunt 
resistors used In ammeters? 

3. A 0 to 1 mllllampere meter movement has a coll resistance of 
1,000 ohms. What value of multiplier resistor Is needed to 
measure 100 volts? 

4. What Is meant by the ohms/volt rating of a voltmeter and what 
Is the relationship between a meter's ohm/volt rating and the 
current required for full-scale deflection? 



\00 VPLTS *-9 3 



— AA/V\A WW — 



a. Calculate the voltages that would exist across R^ and 
the circuit shown here. 

b. If a 0 to 100 voltmeter with a sensitivity of 1,000 ohm 
per volt were co be connected across r\ whet would the 
voltmeter read? 

6. If In question 5, a 0 to 100 voltmeter with a se.-sitlvlcy of 
20,000 ohm per volt Is used: (a) What would the voltmeter 
read? (b) What would the voltmeter read If It Id connected 
across points A and B? (c) When the voltmeter is connected 
across points A and B, what current flows through ,'^? 

7. a. What is the basic difference between se-les and shunt 

ohmme ters? 

b. What is the purpose of the zero-ohm set control? 

3. What might be the result of making reslstan-e measurements on 
a circuit while the clicult is energized? 

9. What are wheatstone bridges used for? Must the circuit be 
deenergized before applying this device? 

K'. What Is a megger and for what purpose is it used? Will it 
measure resistance? Explain. 
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Lesson 2-5^^ 

POWER METERS AND VACUUM-TUBE VOLTMETERS 



Required reference: 
Electricity One-Seven , 
Additional Information: 

The operation of the per manenr -magne t movlng-coLl Instrument was 
studied earlier In this lessoa. The application of this principle 
in electrical measurement is credited to d'Arsonval-Deprez. Most 
instruments for the measurement of direct current and voltage 
utilize a permanent -magne t moving-col 1-type element and there fore 
are commonly called d'Arsonval movement meters. 

The electrodynamlc type Instruments depend for their operation 
upon the reaction between the current in one or more moving colls 
and the current In one or more fixed coils. The dynamometer 
element provides a versatile tool for many types fo a-c 
measurement and is extensively used for mesurement of power, as 
well as for the current and voltage. 

Before starting to take a reading on a meter, it is necessary to 
know the value of each division on the scale. To determine this, 
look at the scale on which the L.strument is being used. For 
example, a voltmeter may be connected to the 0-l50-volt or 
0-300-volt scale. Next, note the number of divisions between any 
two numbers on the scale. Thus, if the voltmeter were connected 
to the 0-l50-volt scale and there were ten divisions between the 
no- and I20-volt readings, then each division would equal one 
volt. Likewise, if the voltmeter were connected to the 0-300-volt 
scale, each division would equal 2 volts. When reading the very 
low or very high values on the scale, note the major subdivisions 
between the numbers as they do not always have the same value as 
in the middle of the scale. 

If there .s a mirror on the Instrument, a reading may be more 
accurate!^ made by closing one eye and then moving the head so 
that the inflect ^n of the needle pointer cannot be seen in the 
mirror. This method enables one to look squarely at the meter. 

In cold or dry weather, be careful not to rub the glass covering 
che Instrument dial as this will create a static charge on the 
glass and may cause a false reading on the instrument. If the 
Instrument ^lass does become charged, the charge can be dispelled 
by breathing on the glass. 

When connecting Instruments, it is often desirable to have someone 
check your connections before the power is turned on. A mistake 
in connections may cause the loss of an Instrumpnt, or a piece of 
apparatus, or Injury to an employee. 



In the electrody namic wattmeter, the moving element carries a pair 
of coils excited by the potential. The field is produced by the 
current flowing through coil. The field flux is proportional to 
the line current, the armature flux is proportional to the line 
voltage, and the instantaneous torque of the instrument is 
proportional to the instantaneous product of line current and 
vol tage • 

When using a multiple-range instrument to measure unknown power, 
the highest range should be tried first. If the indication is too 
low, a lower scale may then be used. It is advisable to protect 
wattmeters from overload by first trying the circuit with 
voltmeters and ammeters. 



When connecting the wattmeter, the post of the potential circuit 
should always be connected to the same side of the line as the 
current's leads. This is necessary to prevent electrostatic 
forces between the armature and surrounding parts. 









* ^ ^ 












.-0 ^ — o— 



In the above external connection diagram for a wattmeter in a 
single-phase, two-wire circuit, the wattmeter measures the power 
loss in ijs own current circuit plus the power in the load. Some 
wattmeters are compensated for their own power losses so that on^y 
the power dissipated in the circuit s measured. If not, this 
loss can be subtracted out directly, when the precision of the 
results warrants, as it is usually marked on the meter. 



For pov;er rreasurement in the three-wire, single-phase circuit 
extensively used on domestic service and low-power industrial 
service, two dynamometer elements are required, or two readings 
must be taken. 
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EXTERNAL CONNECTION DIAGRAM FOR TWO WATTMETERS 
IN A SINGLE-PHASE, TWO-WIRE CIRCUIT (120-240 VOLT) 

Note that the current coil in the above dlr.^ram is not connected 
in the neutral wire, which carries only the unbalanced current. 

reLln°.l f^r" circuit equals the sum of the total 

readings of the two wa t tae te r s 

Because the power indications of the two elements are to be added, 
it is possible to combine them in a single instrument whose scale 
indicates the sum of the power indicated by the two elements. 

Check-up: (2-5-4) 

""^^^^ ^° ^he fonowlng review questions taken ftom 
Electricity One-Seven: 



How else can power be measured besides by use of a wattmeter? 
What are the advantages of using a wattmeter to measure power? 
What iS a compensated wattmeter? 
A. Draw the schematic diagram of a basic wattmeter. 

5. If the wattmeter is not compensated and its power lors is not 
indicated on tV.e scale, how can its power loss be determined? 

6. Uhat is a multimeter? 

7. 'hat is a VTVM? 
What is the advantage of a VTVM over a regular volfneter? 
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Lesson 2-5-5 



BRIDGE CIRCUITS AND VOLTAGE DIVIDER PROBLEMS 



Required reference: 

Basic Mathematics for Electricity & Electronics , 

Check-up: (2-5-5) 

1. A 0 to 50 mlcroammeter has an Internal resistance of 1,170 
ohms. If this meter Is shunted with a 130-ohm resistor, what 
must the meter reading mecer be multiplied by, to obtain the 
correct value of current? 

2. A 0 to 1 rallllammeter has an Internal resistance of 55 ohms. 
What shunt resistance Is required to extend the range of the 
meter: (a) 0 to 10 ma? (b) 0 to 50 ma? (c) 0 to 500 ma? 
(d) 0 to 2 amp? 

3. The 0 to 1 ml 1 1 1 amme t e r In question 2 could be made to 
operate as a voltmeter by adding a series resistor. What 
value of series resistance must be connected In series to 
give the meter a range of: (a) 0 to 10 volts? (b) 0 to 150 
volts ? 

4. What are the values In ohms for the resistors R , R and R^ 
In the voltage divider circuit shown below? A total of 180 
ma is drawn from the pcwer supply? 



y 

o 

c 



£0 ^ I 



too miv 



LOAD 



L6A0 



1 



In the problem gi^-en 
expended in : ( a ) 



for question 



(b) 



R2- 



(c) 



how p.uch power is 
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. What are the values of the voltage divider resistors for the 
circuit shown below, if the bleeder current is 10 ma? 



+ 3S"o Volts 



40 m4. 



R4. 



+ 1^0 y/oLrs 



36 



'f' ICQ MOiTC 



LOAD 



What wattage rating should be used for the voltage divider in 
question 6? 



If the res/stor became open circuited in problem 6, what 
would be the voltage between the negative terminal of the 
voltage source and ground? 




9. The murry loop (shown above) is set up to locate a ground 
that exists in one conductor of a lead-covered No. 14 pair. 
The pair is tied together at the far end. When the bridge 
circuit is balanced, R - 18.7 ohm and R - 13.2 ohm. If the 
cable is 4,500 feet long, how far from tRe test end is the 
grounded point? 

0. In the wheatstone bridge arranged as shown 
here, if R^ « 0.001 ohm, R « 1 ohm, and R 
=* 28. # ohm, what is the value of R ? 
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ELECTRICAL THEORY 



UNIT VI 
POWER SOURCES 



This unit contains the following lessons 
BATTERIES 



Lesson 
Lesson 

Lesson 
Lesson 



2-6-1 ; 
2-6-2; 

2-6-3; 
2-6-4; 



D-C GENERATORS 



Lesson 
Lesson 



2-6-5; 
2-6-6; 



Batteries 

The Lead-Acid Cell and 

Other Voltaic Cells 

Battery Circuits 

Care and Maintenance of 

Lead-Acid Storage 

Batteries 



The D-C Generator 

D-C Generator Construction 



A-C GENERATORS 



Lesson 2-6-7: The A-C Generator 
Lesson 2-6-8: A-C Generator 
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BATTERIES 

A study of th' lessons that follow would provide you with: 

1. A knowledge of some of the more common devices that produce 
elec tr ic i ty . 

2. The action that the theory of all batteries is based on. 

3. The general types of batteries in common use. 
A. Storage batteries, their operation and care. 
Di rec tions : 

1. Study the references thoroughly end familiarize yourself with 
all new words, terms, and definitions. 

2. Read the additional references that may be assigned by your 
instructor. 

3. Keep your notebook up to date. 

4. Write out and hand in to your instructor the answers to all 
the check-up questions following each topic of the information 
sheet. 
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Lesson 2-6-1 



BATTERIES 



Required reference: 

Electricity One-Seven , 

Check-up: (2-6-1) 

1« Do storage batteries actually store electricity? Upon what 
action Is the theory of all batteries based? 

2. What Is a dry cell? What is a wet cell? 

3. Name three common types of dry cells* Can a dry cell be 
r e j uvena t ed ? 

4« Will a storage battery produce a flow of ele.-trlc current 
before it Is charged? 

5. Will a storage battery, fully charged, remain in that 
condition If left on an open circuit? 

6. Does the temperature have any effect on the output of a 
battery? 

1. What is the composition of the electrodes and electrolyte of 
an uncharged lead-acid cell? 

8^ What is the purpose of vent holes in secondary batteries? 

9. Can the condition of a storage cell be determined by checking 
the voltage of the cell on an open circuit? 

10« What damage can result from lighted matches or other sources 
of fires in a battery room? 
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Lesson 2-6-2 



THE LEAD-ACID CELL AND OTHER VOLTAIC CELLS 



Required references: 
Electricity One-Seven » 
Check-up: (2-6-2) 

1. What Is the output voltage of a lead-acid cell at the Instant 
the charging current Is removed? 

2. What Is the specific gravity of a ful^'^harged lead-acid 
cell? 

3. Can a-c be used to charge a storage battery? If so, how? 
A. What Is sulfation? 

5. Why must distilled water periodically be added to a lead-add 
storage battery? 

6. in an alkaline secondary cell, is chere a re"* anloashlp 
between the specific gravity of the electrolyte and the state 
of charge of the cell? 

7. What are the advantages of an alkaline cell over a lead-acid 

cell? 

8. How Is the current rating of a battery specified? 

9. A battery has an ampere-hour rating of 80. What continuous 
current can it supply for ten hours? 

10. What is a solar cell? What is a thermoelectric cell? What 
is a photocell? 
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Lesson 2-6-3 



BATTERY CIRCUITS 



Required reference: 
Electricity One-Seven , 
Additional information: 

The e.ra.f. of a cell on open circuit is always greater than when a 
cell is supplying current. This drop in voltage is due to the 
current flowing the internal resistance of the cell. There is 
always a drop in voltage when current flows through a resistance. 

Discharge voltage ^ ( e . ra . f . of cell) - (I x R drop of cell) 

All cells have some internal resistance. The internal resistance 
of a cell depends on the area of the plates that is exposed to the 
eletrolyte, the distance between the plates, and the tenfperature 
and density of the electrolyte. 

A storage cell is like any other mechanical or electrical device 
in that it is impossible to get out of it ail the energy Imparted 
to it. The efficiency of a lead acii], for example, is 
approximately 75 percent. The loss of energy is ^ue largely to 
the internal resistance of the cell caused by the I R loss. 

The question is often raised: "How could you obtain a maximu.-n 
current output from a given number of cells? Should they be 
connected in parallel or in series?" As a general rule, the cells 
should be so arranged that the total internal resistance of the 
battery will be equal to (or nearly as possible) the resistance of 
the external circuit. To do this it is sometimes necessary to 
resort to a s e r i e s -par a 1 1 e 1 circuit which may consist of several 
groups of cells connected in series and the groups then connected 
in parallel. Primarily, however, when the resistance of the 
external circuit is high, the greatest current will be obtained by 
connecting the cells in series. When the external resistance is 
small, the greatest current will be obtained by connecting the 
cells in parallel . 

Check-up: (2-6-3) 

!• If a l2-volt battery has an Internal resistance of 0.1 ohm, 
what is its output voltage when supplying a current of 10 
ampe r es ? 

2. What is the output voltage of four 12-volt batteries 

connected in series aiding? What is the output voltage it 
they are connected in parallel? 
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3. If a storage battery which has an efficiency of 75 percent is 
charged with 1 , 000-ki Iowa t t hours of energy, what should be 
the amount of energy that can be recovered on discharge? 

4. What is the internal resistance of a cell which has a 
terminal voltage of 2.00 volts when discharging at a 
12-ampere rate and the e.m.f* of the cell is measured at 2.05 
vo 1 ts ? 

5. The e.m.f. of a cell is 1.5 volts, and its internal 
resistance is 0.2 ohm. When current is supplied to a 
circuit, the voltage drop across the internal resistance of 
the cell is 0*3 volt^ (a) What is the terminal voltage? (b) 
How much current flows in the circuit? 

6. A cell, whose e.m.f. is 1.4 volts and internal resistance is 
0.2 ohm, is supplying 1.5 amp to a circuit. (a) What is the 
resistance of the external circuit? (b) How much power i: 
lost in the cell? 

7. A high-resistance voltmeter reads 2.0 volts when placed 
across a cell that is connected to no other circuit. When 
the cell is delivering 5 amps to a circuit, the voltmeter 
indicates a terminal voltage of 1.1 volts. (a) What is the 
internal resistance of the cell? (b) What is the resistance 
of the external circuit? 

8. A cell that is delivering 0.25 amps has an internal 
resistance of 0.5 ohm. The e.m.f. of the cell is 1.6 volts, 
(a) What is the terminal voltage? (b) What is the resistance 
of the external circuit? (c) How much power is expanded in 
the cell? 

9. Six cells are connected in series to a load of 8.4 ohms. 
Each cell has an e.m.f. of 1.5 volts, and the internal 
resistance of each cell is 0.1 ohm. (a) What is the circuit 
current? (b) How much power is expended in the battery? 

10. If the cells of problem 9 are connected in parallel, what is 
the circuit current? 
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Lesson 2-6-4 



CARE AND MAINTENANCE OF LEAD-ACID STORAGE BATTERIES 



ERIC 



Required references: 

American Electricians^ Handbook , 

Elect rlclty One-Seven , 

Additional Information: 

Norma 1 Cell » The positive plates are normally dark brown. The 
negative plates should be uniformly gray. No visible change In 
the color of the plates occurs when the cell Is discharged a 
normal amount. The cell temperature does not rise much, If any, 
on short heavy discharges. 

Sediment should accumulate at a very slow rate. A normal charging 
program will result In a sparse, dark-brown sediment which In turn 
changes to gray. The sediment should never be white or lumpy If 
the charging program Is correct. 

PI lot Cells . Dally specific gravity reading should be taken on 
one cell which represents the condition of the entire battery. A 
battery Is no better than the weakest cell, so the cell In the 
best .ondltlon Is not chosen as the pilot cell. Neither should 
the )rst cell be chosen as the pilot cell since It may be 
necessary to replace It before the entire battery Is replaced. 

A logical choice for a pilot cell \'ould be the most convenient one 
for Inspection from the medium low cells determined by the drop of 
specific gravity from the earliest records available to the time 
of selection of the pilot cell. 

The pilot cell should have a vent-type hydrometer and thermometer 
to avoid loss of acid while reading specific gravities. Once a 
pilot cell is chosen, it should be retained, if possible, for the 
life of the battery to avoid introduction of Irregularities into 
the record . 

Proper Charging . Proper charging means charging at a rate to 
cause a minimum of heavy gassing and the least possible 
sedlmer tat ion • This requires very little makeup water. 

Gassing results from electrolysis of water in the electrolyte by 
the charging current and is proportional to the excess of charging 
current over that required for conversion of the lead sulphate 
formed during discharge. For a given charging current, gassing 
increases as the lead sulphate decreases. 
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Full Charge , A cell is fully charged whe n, on equalizing charge, 
it is gassing and the specific gravity of the electrolyte, 
corrected for temperature and level, has stopped rising and 
remains constant during the last three hours of the equalizing 
charge • 

If storage cells are overcharged, the service will be good, but 
their life will be shortened. After a battery is fully charged, 
continued charging at high rates is hard on the battery because 
violent gassing takes place which may break particles out of the 
positive plates. The coarse particles drop to the bottom, but the 
finer particles rise along with the gas bubbles and may result in 
a muddy red or brown color of the elec tiToly te. Cells tend to 
overheat on heavy overcharges and since high temperatures are 
destructive to the plates and separators, the temperature of the 
cells should not exceed 110 degrees Fahrenheit during such 
charging . 

Momentary heavy charges are not harmful, but long sustained 
charges of high currents are damaging and should be reduced as 
soon as heavy gassing begins or when high temperatures are 
reached • 



Constant Voltage Charging . The 
charging is preferred for station 
results in longer battery life. 



constant voltage method of 
control batteries because it 



Following is the table of continuous tloating voltages for various 
numbers and different Specific Gravity Rating of cells: 



Specific Gravity 
Rat ing 

Nominal 1.210 
(1.200-1.220) 



Numbe r 
of Cells 



12 
24 

60 
120 



Normal Vol tage 
Across Battery 



25.80 
51.60 



129.00 
258.00 



Average Cell 
Vol tag e 



15 
15 
15 
15 



Nominal 1.260 

(1.250-1.270) 12 26.16 2.18 

24 52.32 2.18 

60 130.80 2.13 

Nominal 1.275 

(1.265-1.285) 6 13.20 2.20 

12 26.40 2.20 

24 52.80 2.20 

60 132.00 2.20 

Equalizing Charging . The purpose of an equalizing charge is to 
insure that every plate in each cell is fully charged by a 
reasonable overcharge, that every cell gasses freely at equal 
rates, and that the specific gravity of all cells has stopped 
rising and leveled off near the top specific gravity reading for 
the battery before the equalizing charge is stopped. 
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A battery that is kept on continuous floating charge should be 
given an equalizing charge once each month, or after failure of 
the battery charger for any period of time, or when the specific 
gravity of tht pilot cell is more than ten points (0.010) specific 
gravity below its full charge value. 

The equalizing charge is given by raising the voltage across the 
battery for 24 hours, 

D5 scharging , A battery may be discharged at any rate current it 
will deliver without any damage to the plates. The maximum 
permissible rate of discharge is limited only by the 
current-carrying capability of rhe terminals, connectors, and 
conductors, and not by the plates themselves. The ampere hours a 
battery will^provide are greater for a long, low or intermittent 
rate than for a short, high rate of current. 

Water Replacement , Distilled or approved water should be added 
often in small quantities to maintain the electrolyte level to the 
top level recommended by the manufacturer. The water should be 
added before or at the start of the equalizing charge to insure 
thorough mixing before specific gravity readings a'-e taken. 

Adjustment of Specific Gravity , Adjustment of specific gravity 
sliould never be necessary in a battery unless it has been flooded 
or acid has been lost. Adjustment of specific gravity by the 
addition of acid should never be undertaken until it has been 
definitely established that the gravity is incorrect. 

Hydrometer Readings . The specific gravity of a cell is obtained 
by use of an hydrometer to determine the state of the charge of 
the ce]l, A scale of 1.100 to 1 . 300 is preferable for ease of 
reading and to cover the specific gravity range of all cells. 

To take a reading, insert the nozzle of the hydrometer syringe 
Into the cell, squeeze the bulb, and then slowly release it, 
drawing up just enough electrolyte from the cell to float the 
hydrometer freely. Holding the syringe vertically, the reading on 
the stem of the hydrometer at the surface of the liquid is the 
gravity reading of the electrolyte. After testing, always return 
the electrolyte to the cell from which it was taken. 

Both temperature and level of electrolyte affect the specific 
gravity reading somewhat and it is therefore desirable to record 
the temperature. A gravity reading should not be taken 
immediately after adding water, otherwise the reading will be 
false. Allow a day or so for the water to mix with the 
electrolyte by gassing of the electrolyte resulting from charging 
or floating the battery. 

The temperatr.re correc:'^- for batteries rated 1.210 nominal 
specific gravity is minus 0,001 for each three degrees the 
cemperaLure Is below 77 degrees Fahrenheit and plus 0.001 for each 
three degrees the temperature is above 77 degrees Fahrenheit. For 
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1.260 and 1.275 nominal specific gravity batteries, this 
correction is 0.002 specific gravity for each five degrees 
beginning at 80 degrees Fahrenheit temperature. 

Vol tme te r Readings . Voltages taken when the battery or cell is 
open circuit do not give much information, except zero voltage may 
indicate an internal short circuit. 

During discharge at any rate, the discharge should be stopped when 
the voltage drops to 1.75 volts per cell. 

Temperature Characteri sties . Performance of cells is greatly 
affected by their operating temperature. Discharge capacity is 
greatly redaced at lower temperatures. The local action or 
self-discharge rate is greatly increased at hi gh- t emper a tu r e s . 
Storage cells should not be exposed to the direct rays of 
sunlight, as such cells will operate hotter and deteriirate at a 
greater rate. The higher the specific gravity, the lower 
temperature at which the electrolyte will freeze and damage the 
cell. 

Check-up: (2-6-4) 

1. Why should storage batteries be charged from a d-c voltage 
source higher than the voltage of the battery? When 
connecting a battery charger to a battery, should the 
positive terminal of the battery be connected to the negative 
or positive of the ch»arging circuit? 

2. What is the chief use of storage batteries in povrer and 
substations and why are they used? 

3. What harm can be done by excessive or overcharging and how 
cau the normal charging rate be determined? 

4. What is the voltage per cell of a f u 1 ly -cha rged storage 
battery? 

5. What is an equalizing charge? 

6. What is the pilot cell? 

7. Is the sediment which collects underneath the plates any 
cause for alarm? 

8. Electrolyte loses some of its water by charging of the 
battery and some by evaporation. Is it jecessary, therefore, 
to add new electrolyte? 

9. Why should hydrometers and other lifting tools used In a 
battery room be made of rubber, glass, or be well protected 
with a rubber covering? 

10. Of what use is a soda solution in a battery room? 
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DIRECT-CURRENT GENERATORS 



A study of the lessons which follow would provide you with: 

1. An understanding of the principles, construction, and types of 
d-c f^enerators. 

2. An appreciation of the importance of generators with regard to 
your work in the electrical field. 

3. An understanding of new terras and syrabols and "heir 
significance as they are used for the identification of fields 
and armatures and their exterior leads. 

4. A knowledge of the main parts of the internal circuits of 
generators and of the functions of these parts. 

Directions: 

Study the information sheets and the required references. Keep 
the study-help questions following each topic of the information 
shee t • 

Study-help questions: 

1. Describe briefly the operating principle of the basic d-c 
gene r a to r . 

2. What is an "armature"? What is a "commutator*'? Why is it 
used ? 

3. What is meant by induced emf? What determines the strength of 
the induced emf in a generator? 

4. What is: (a) a series generator? (b) a shunt generator? (c) 
a compound generator? 
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Lesson 2-6-5 



THE D-C GENERATOR 



Required reference: 
E lectricity One-Seven . 
Additional reference: 

Cro ft's American Electricians' Handbook . 

Check-up: (2-6-5) 

1. What serves an an automatic reversing switch on a d-c 
generator? what is Its purpose, why Is It necessary? 

2. What is meant by the neutral plane in a d-c generator? What 
would happen if the brushes were not positioned in the 
neutral plane? 

3. How is the generator ripple reduced in a d-c generator? 

4. Will increasing uhe number of turns in the armature colls 
generltoJ? °' ^" voltage of a d-c 

5. If a generator has eight commutator segments, how many 
separate armature coils does it have? 

6. How can you control (increase or decrease) the voltage output 
of a d-c generator? "ul^ul 

7. Does the number of armatu.-e colls affect the number of 
brushes required for a -i-c generator? 

8. Can alternating current be used as a field for a d-c 
generator? What type of current must be used? 

9. What Is excitation current? Explain the difference between 
separately excited d-c generators and self-excited 
generators. 

Why doe. a series generator have poor voltage regulation? 

Why are shunt generators said t- be self-prr tec ti ve? 

What type of d-c generator has its field connected in 
parallel with Its armature? what type of generator has its 
field connected in series with its armature? What is the 
generator called that has both a winding connecJed in e i-. 
and a second winding connectec in parallel? 



10, 
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13« What is meant by the reference to "build-up*' of a d-c 
generator? Is this necessary in separately excited 
generators? 

14. In a compound generator, do the magnetic fields of the two 
windings aid or oppose each other? 



Which type of generator will 
for varying lead conditions: 
wound generators? 



supply the more stable voltage 
series-, shunt-, or compound- 



Lesson 2-6-6 



D-C GENERATOR CONSTRUCTION 



Required reference: 
Electricity One-Seven , 
Additional reference: 

Croft's American Electricians' Handbook , 

Check-up: (2-6-6) 

1. When a generator has a large number of poles, Is the total 
number odd or even? How are the field colls mounted (do they 
rotate cr are they fixed)? 

2. What Is armature reaction? What causes it? Why can It be 
t roublesome ? 

3. What are Interpoles? What reaction do they correct for? 
^. What are compensating windings and what Is their purpose? 

5. Name the two types of windings used on an armature* 

6. Why is the armature core and the f le Id-wlnd Ing core of a 
generator laminated? What material Is generally used for 
these cores ? 

7. What are the pole pieces? What Is their function? Why are 
pole pieces shaped to fit the curvature of the armature? 

3. What are commutator bars made oil Must the commutator and 
brushes of a generator be lubricated? Why? 

9. What characteristic has carbon that makes a favorable 
material for use as brushes on d-c machines? 

10. What is the most common method of dissipating the heat 
generated in a d-c generator? 
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A-C GENERATORS 



Your study of the lessons which follow will help you obtain: 

!• An understanding of the principles involved in the production 
of electric power by means of a-c generators or "alternators". 

2. A working knowledge of alternator construction and design. 
Di rec tions : 

!• Study the required reference, 

2* Read any additional references that may be assigned by your 
ins t rue tor • 

3. Write out and hand in to your instructor the answers to all 
the check-up questions. 
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Les8on 2-6-7 
THE A-C GENERATOR 



Required reference: 
Electricity One-Seven , 
Additional reference: 

Croft's American Electricians' Handbook. 



Check-up: (2-6-7) 

1. Name two advantages of the rotating field t>pe alternators as 
compared to the rotating armature type a-c generators, 

2. In an a-c generator, what is the rotor? The stator? What 
part produces the magnetic field in most alternators? 

3. Are slip rings required on a stationary-armature ganerator? 
What is the function of the slip rings (do they carry a-c or 
d-c current)? Why are brushes used? 

4. How does the speed of rotation affect the frequency of che 
voltage generated? Wl.at is the relationship of frequency, 
number of pairs of poles, and the rpm in an alternator? 

5. What advantages do a-c generators have over d-c generators? 

6. Why do a-c generators have poorer regulation than d-c 
generators? 

7. What are motor-generators used for? 

3. Why are a-c generators normally not rated in watts or 
ki I owat ts? 

9. An a-c generator has a rating of 20 ki lo vol t-ampe res and an 
output of 2 kilovolts. What is the maximum current it can 
safely deliver? 

10. What is the function of a dynamotor? What is a converter? 
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Lesson 2-6-8 



A-C GENERATORS 



Additional information: 

The voltage of any generator depends on the field strength and the 
speed of the rotor. If a generator must o^^erate at a constant 
speed in order to maintain a fixed frequency, the output voltage 
of the generator is dependent on the d-c field (excitation 
current). If a generator is supplying power to an isolated load, 
increasing the field current will raise the output voltage of the 
generator and similarly by reducing the d-c field current the 
output voltage will be lowered. 

In modern power systems it is common pract^ to operate all the 
generators in parallel, as all the generatois in any power system 
are tied together through transformers, buses, and/or power lines, 
and so increasing or decreasing the d-c field current has a much 
smaller effect on the output voltage. The generator is connected 
to the system and one gene-ator by itself feeding into a large 
system containing many other generators can effect the system 
voltage only slightly. The effect of increasing the field current 
is subsequently ncted to effect the reactive power flow (kilovar 
or raegavar). Over excitation of the generator will cause reactive 
power to flow from the generator to the system, while under 
excitation will cause the generator to take in var, that is 
reactive power will flow from the system back to the generator. 

The kilowatt load of the generator is determined by the input to 
the prime mover. The input to the steam turbines, water wheels, 
diesel engines, or whatever, is controlled by sensitive governors 
and is held to a fixed value by means of the governor control. 
The setting of this governor is what determines the true power 
output in kilowatts o*^ machines operating in parallel and it will 
not change appreciably, even though the field excitation is 
changed. The internal operating conditions caused by armature 
reactance and armature reaction adjust themselves so that the 
output voltage and output power of the Individual generators in 
parallel remain relatively constant with changes in field 
excitation. 

Before a-c generators can be paralleled onto the system, or 
paralled w.^h any other a-c generator, several conditions must be 
fulfilled. The output voltages must be equal to the system 
voltagp, the frequency must be the same for the Incoming generator 
as for the running generators (the system frequency - 60 herlz in 
the United States), and their output voltages must be in phare. 
For three-phase generators, the phase sequence must also be the 
same. When all these conditions are met, the generator Is said to 
be In synchronism and the actual process of paralleling generators 
is called synchronizing. A synchroscope Is noriLally used to 
indicate very accurately any difference in frequency and phase 
angle between the volLage of the incoming generator and the 
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running generator or generators. Most modern generating plants 
utilize an automatic synchr^iizer which will automatically close 
the generator onto the system when all of the conditions for 
synchronizing are met. Closing the generator breaker when the 
alternator Is out of phase with the system can result in damage to 
the generator and is a severe shock to the complete system as 
tremendous fault currents are generated. 

Check-up: (2-6-8) 

1. Most three-phase alternators used in modern power generating 
stations are wye connected. The output terminals are 
commonly labeled Tl, T2, T3. The sequence of the voltages 
for correct rotation is phase I, 2, 3. If the sequence of 
voltages was found to be 1, 3, 2, would they still differ in 
phase by 120 degrees? 

2. The output voltage of a three-phase, wye-connected generator 
is 13.8 kv. The generator is delivering 25 megawatts and 10 
megavars to the power system. What amount of amperes would 
you expect to find in each phase (stator coil) of the 
generator? Assume ^ balance load* 

3. Assume we htve t^o alternators operating in parallel ana it 
is desirable th^ t the lead should be shared between them. 
With -c generators, the proper division of load between 
machines is obtained by changing the field excitation of the 
two generators until the load is shared between them. How 
^i.e a-c generators acliusted so as to share the load? 

4. A three-phase, wye-connected generator is rated for 24 kv and 
1,200 amperes. Determine the kva rating of the generator. 

5. If the generator in question 4 is delivering rated current to 
a load with 80 percent lag power factor, what is the megawatt 
output of the generator? 

6. Explain what happens when an attempt is made to shift the kw 
load between alternators by changing the field excitation. 
Assume the governor control to the two prime movers is not 
cnanged . 

7. A three-phase, delta-connected generator is rated at 10,000 
kva, 11,000 volts, and 60 hertz. What is the full-load line 
current at unity power-factor? 

8. In question 7 the generator efficiency is 86 percent. What 
must the horsepower input from the piime mover to the 
generator be if the generator is generating at full rating? 

9. List tour separate conditions that must be met before an 
al''ernator can be synchronized to parallel with another a-c 
generator . 
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A three-phase, wye-connected generator is rated at 50,000 kva 
and 13.8 kv. What is the voltage rating of each of the three 
windings? When 1,400 amps of load current flows in each 
phase winding, how much load current will flow in the lines, 
out to the load? 
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DIAGRAM OF A SINGLE PHASE 
ALTERNATOR 
WITH A REVOLVING FIELO 
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ELECTRICAL THEORY 



UNIT VII 
ELECTRIC MOTORS 



This unit cortains the following lessons: 
D-C MOTORS 



Lesson 2-7-1; 
Lesson 2-7-2; 



A-C MOTORS 



D-C Motors 

Starters and Controllers 



Lesson 2-7-3; 
Lesson 2-7-4 ; 



A-C Motors 
Check-ap 
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D-C MOTORS 



A study of the lessons which follow will help you obtain: 
i^t^rfroreL^ftrLfJy/^^"^^^^" ^" 

u'nJe°r'sL"nd^nTif''h °' '^-^'""^ ''''' - 



applications 
3. A knowledge of how motors are constructed. 
A. A better understanding of counter emf . 
Directions : 

1. Study the references thoroughly. 
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Lesson 2-7-1 



D-C MOTORS 



Required references: 
Electricity One-Seven , 

Croft's American Electricians' Handbook , 

Check-up: (k-7-1) 

1. What important role does the commutator play in the operation 
of the d-c motor? 

2. What are the effects of "armature reaction" in a motor? In 
what direction is the neutral plane shifted by armature 
reac ti 0.1? 

3. What is the relationship between the number of commutator 
segments and armature windings? 

4. What characteristic has a shunt-wound motor thai makes it 
suitable for driving certain types of machinery? 

5. How may the sp^ed of a shunt-wound motor be varied? What 
controls the speed of a series-wound motor? 

&• To what types of load is a series-wound motor especially 
adapted? 

?• What is a co.iipound-wound motor and what advantages does it 
have over both shunt- and series-wound? 

8. What is "couac'^r e'^f"? Why is a resistor necessary for 
starting a d-c motor? 

9. Why will a motor s,^ ^ed up when the strength of the field 
dec reases ? 

lO, How do you reverse Ihe direction of rotation on a d-c motor? 
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STARTERS AND CONTROLLERS 



You are to acquire from the lessons which follow: 

!• A knowledge of the various d-c motor starters and controllers, 
as well as the principles involved. 

2. A knowledge of the various control devices used tc start, 
stop, and protect d-c motors and equipment. 

3. An understanding of the physical makeup of motor controls 
which will be valuable in troubleshooting and maintaining 
motors and their associated equipment. 

Directions: 

1. Observe and help install motors whenever possible. Ask 
questions about the various troubleshooting techniques and 
maintenance procedures. Keep this data in your notebook. 

2. Study the required reference. 

3. Read about d-c motors and controllers in other reference books 
and manufacturers' catalogs and pamphlets. 

A. Write out and hand in to your instructor the answers to all 
the check-up questions. 
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Lesson 2-7-2 

STARTERS AND CONTROLLERS 

Required reference: 
Electricity One-Scv^n > 
Additional reference: 

Croft's American Electricians' Handbook , 

Check-up: (2-7-2) 

1. Why do all d-c motors require some type of starter or 
co:icroller ? 

2. How are manual starters classified? 

3. Explain the difference between a motor controller and a 
starter . 

4. What kinds of motors are controllers normally used with? 

5. How may the speed of a compound-wound motor be varied or 
controlled? 

6. What Is meant by "dynamic braking" and how Is It 
accomplished? 

7. When are drum controllers most useful? 
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With the above- and below-normal speed controller, when i 
the armature resistance ch*inged? The field resistance? 

What kind of protection do you have with an automatic 
controller? 

What extra motor control does a drum controller give? 
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A-C MOTORS 



Your study of the lesson which follow will help you obtain: 

1. An understanding of the principles involved in the operation 
of a-c motors. 

2. A knowledge of the various types of a-c motors. 

3. A knowledge of how synchronous motors are used as a rotating 
capaci tor • 

Di »*ec tlons : 

1. Observe and help install motors whenever possible. Ask 
questions where you work. 

2. Study the required reference. 

3. Read abouu a-c motors in other reference books and 
manufacturers' catalogs and pamphlets. 

4. Write out and hand in to your instructor the answers to all 
the check-up questions. 
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Lesson 2-7-3 



A-C MOTORS 



Re qui red references: 
Electricity Ore-Seven , 

Croft's /T^erican Electricians^ Handbook , 

Check-up: (2-7-3) 

1. What are two ^^eneral types of h 1 1 e r n^ t ^ ig-c ur r e i. motors? 

2. Are a-c mo ors more or less troublesome to operate than d-o 
motors? 

3. What speo. itic types of induction motors are there? 

4. A thice-phase motor operates on what principle? 

5. Just what is meant by motor "sli "? 

6. What is a "squirrel-cage" winding? 

7. What other types of wiaiing are used on rotors of induction 
motors? 

8. How may the speed cf an induction motoi. be controlled or 
varied? 

9. oesciibe the construction of a synchronous motor. 

10. Why is it that a synchronous motor cannot be started by 
applying three-phase a-c to the starter? 

11 • On what kind of loads are syrchroious motors used? 

12. How can synchronous motors be designed to be self starting? 

13. What type of current js used to magnecize the rotors ot large 
synchronous mo tors? 

14. How can the use of synchronous motors improve a plant's power 
factor? 
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Lesson 2- /-4 



Check-Up 



Required refereaces: 
Electricity One-Seven , 

Croft's American Electricians' Handbook , 

Check-up: (2-7-^) 

1. On a 60-cycie system what will be the speed ii rpm of a 
1 2-pol3 moto r ? 

2. How are motors wound so they may be used cn mor^ than one 
service voltage (for example 240 or 480 volt)? 

3. How may the rotation of a three-phase induction motor be 
changed ? 

4. Will a three-phase series motor continue to run at normal 
speed if one fuse blows? 

5. What is meant by the term "torque"? 

6. What is meant by a single-phase series motor and where are 
they used? 

7. Wnat is L repulsion motor and in what way is it similar to a 
d-c motor? 

8» Is there any electrical connection between rotor and field of 
an induction aotor? 

9. What determines the speed o: an Auction motor? 

10. What will be the speed of a single phase two-pole motor on a 
60-cycle clrcui t? 

lU Describe the construction of a repul s 1 on- 1 nduc t ion motor 
rotor. 

12. What is i syncnronous condenser? For what iu It used? 

13. Name two ways in which capacitors are used on single-phase 
inductioT motors. 

14. State che most common use for synchros or "Selsyn'* motors. 

15. Wh;»t effect does low v^oltage have on the operation of a-c 
uio or s ? 
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ELECTRICAL THEORY 



UNIT VIII 
ELECTRICAL DRAWING? AND DIAGRAMS 



This unit contains the following lessons; 



Lesson 
Lesson 

Lesson 
Lesson 



2-8-1 
2-8-2 



►8-3; 
►8-4 



Lesson 2-8-3 



Electrical- Print Reading 

Electrical Print Reading - 

Point to t'oint 

Lineless Wiring Diagrams 

Diagrams for Capacitor Bank 

Control 

Print Reading - Test Your 
Knowledge 
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ELECTRICAL PRINT READING 



In order t? read a blueprint or diagram, one must first become 
familiar with the meaning of symbols, lines, and the other 
abbreviations employed by the engineers and draftsmen who design 
the substations and power plants. There are many types of 
blueprints necessary for the construction of a power station. 
Many of the drawings are primarily mechanical drawings that 
r^^present the physical arrangement and the views of specific 
electrical apparatus or their parts with their shapes and 
dimensions. These drawings usually give all the plan views, the 
elevations, sections, and details necebsary to erect the 
structures or equipment. 

Ther.e me cha • 1 ca 1 - 1 ype drawings are not particularly hard to read, 
as they usually ividlcate how the structures, or equipment, will 
actually I'^ok when th:^ construction is completed. Dimensions and 
distances are always -led down with some fixed object, foundation, 
or ground point. Dimensions are almost always shown by lines 
having arrowheads at both ends. The dimension line is usually 
broken tc permit the insertion of the dimension. 

The arrangement of views on mechanical drawings is important. The 
system commonly used by most draftsmen is the third angle 
projection. The plan, or top view, is at the top of the sheet; 
the f-ont (or A-A) elevation projects directly beneath it, and an 
end (or B-B> elevation is projected to the right of the front 
elevation. The pairs of arrows, identified by the same letters, 
indicate the direction in which the object In the plan view is 
viewed in order to obtain the elevation. Drawings of this type 
are most often used when showing the electrical arrangement of the 
equipment in the substation. 

When a complicated arrangement of a structure cannot be completely 
shown with only three views, acdltlonal elevations may be shown. 
In c.^ses where this is so, a section plan is most often added to 
the top plan view with the additional views clearly marked to show 
the direction the elevation is taken. 

Drawings cannot always be made that will shew all the Information 
necessary those who will use the prints. This makes it normal 
tc Include on the drawl gs notes, or data, worded aa briefly as 
possible. Common nr-wtlce of most draftsmen and engineers is to 
place these on the right-hand side of the drawing, some d^,8tance 
above the title, which is usually located in the lower right-hand 
corner. The title will Include such things fs the scale used, the 
design engineer, date completed, number of the dra*/lng, and any 
revisions, etc., and the name of the station or project. 

In addition to the notes, other drawinjis that pretaln to 
installation are normally listed, such as the foundation plan, the 




grounding and conduit plans, the wiring diagrams, if any, and any 
oth3r drawings that may be useful to any who will use these 
prints . 

When construction begins on a power plant or a substation it is 
necessary to have a set of drawings that show not only the 
location, architectural and mechancal drawings but also a set of 
electrical drawings. The electrical drawings include the 
electrical arrangement of the equipment, one-line and three-line 
schematic diagrams, wiring diagrams, and a grounding and conduit 
layout print, a condui t-and-cable list, and a list of material. 

The list of material is not, in fact, an electrical diagram, but 
is a bill of material and includes much important information. 
There is no particular standard, as each company has its own way 
of listing the material used on a joH. ir. most instances, the 
bill of material is divided into several columns. In the first 
column will appear the item number corresponding to the item 
number applied to the equipment. The second column lists the 
quantity of each item. In the third column will likely be a 
complete description of the item to be used. The fourth column 
will list where the item is to be procure. I; from store stock, from 
salvage, or if the article is to be purchased fron a specific 
manufacturer. A fifth column may be provided for any 
miscell/»neous information that is felt necessary to pass along, 
such as special modifications that might be needed. 

The list of material is of special Interest to a number of people. 
It is important to the purchasing department who must purchase the 
exact itemp listed, and it is important to the people involved 
with the construction of the station because it tells the workers 
exactly where the different parts will be used. 

When an electrical design engineer or draftsperson begins to list 
*-he materials that are shown on the drawings, the oarcs and 
equipment do not have item rumbers. The draftsperson assigns item 
numbers as the material list is formed. U-ually the draftsperson 
w?ll start with the major equipment, such as the transformers, oil 
circuit breakers, and switches. Then they count all the various 
insulators, bus fittings, relays, and devices that are needed. As 
each piece of material or equipment is entered on the m£terial 
list, it is assigned an item number. This number is also recorded 
on the drawing next to each piece of material or equipment. The 
item number is usually applied to the piece of equipment in only 
one view. 

For a large job, a conduit and cable-pulling schedule is often 
included. The draftsperson scales the lengths from the drawings 
to get the quantity that is needed Of course, one must m-ke 
allowances for errors wh(>n determining the length of the conduit, 
as well as the length of the cable, as the lengths are intended to 
be approximate. Conduits and cables are numbered and listed , 
giving the size of the conduit and the number of cables or wires 
to be pulled into which conduits, along with their length and the 
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point of their origin and destination. The type of cable, size 
and number of conductors is normally not^-d, also for what purpose 
will the wires be used, cont r o 1-powe r-1 ight i ng-e t c. 

Electrical wiring in residences is for the most part intended for 
lighting circuits, household appliances and devices for heating. 
Although most power stations do have «ome wiring installed for 
this purpose, the lion's share cf the wiring done In a substation 
is to enable the substation to receive electrical energy at high 
voltage and transform It to a lower voltage suitable for 
distribution. The electric-power substation constitutes a very 
Important part o'l any electric power system. Most modern 
substations for high voltages are built outdoors, although 
distribution substations In metropolitan areas can be found within 
the buildings of commercial customers. 

A modern substation will normally contain In addition to the power 
transformers, circuit breakers, voltage regulators, disconnect 
switches, lightning arrestors, protective devic.-, instrument 
transformers, and meters, to list only a few of ti.. devices. The 
substation has many parts and complicated connections, and each 
device has an important role in the proper functioning of the 
substation. Without electrical diagrams, it would he nea- 
impossible to design, build, operate, or maintain a substation. 

Circuits for substation lighting receptacles and heating are 
provided and are usually shown on a lighting plan or substation 
layout. The source of power is usually a distribution 
transformer, designated "station service", of sufficient size and 
rating to provide a three-vire single-phase 120-240 volt feed to 
the bus in the a-c supply box, or distributio. center as it is 
commonly called. Circuits feeding loads out of the distribution 
center are called branch circuits and each circuit is fused or 
protected with a circuit breaker. 

Electrical-Arrangement-Drawings are usid to ehow the physical 
arrangement of the structure, buses, and electrical equlpneit. 
The complete set of drawings would consist of a plan view j nd 
various elevation views .s are necessary to convey to the 
electrical construction workers all the Information necessary to 
position and Install the electrical equipment shown on su-h 
drawings. The elevation views vbtaln their label from the pUn 
view which will Indicate where the elevation Is taken (I.e., A-A 
B-B, and C-C). Electrical arrangement drawings are made to'scale 
and it is customary where a plan view Is shown to mak- the 
direction north. The electrical arrangement Is not used to show 
where or how to erect the structure. steel erection diagrams and 
foundation details a J shown on separate drawings. 

One Important point to emphasize Is that all major equipment and 
steelwork Is grounded and every point where a ground wire enters 
the station ground grid, the connection is Indicated. 
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CONST NOTE 



Prepare the surface behind ground clamps by 
applying a coating of galva'oy or equal to 
ungalvanUed steel members and to locations 
on steel members where the galvanizing has 
been removed. Then wash with alcohol. 
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The electrical consfuction drawings 
are drawn to scale and show the physical 
arrangement of the electrical equipment. 
They Indicate how the structures or 
equipment will look when erected. 

Shown here Is the outline for a 13 KV 
oil circuit breaker. The system used 
is the third-angle projection, with 
the arrangement of views. 

The plan, or top view, is at the top of 
the sheet; the front elevation, or A-A 
elevation, projects directly beneath ?t; 
and an nd el^vdtion, or B-6 elevation is 
projected to the right of the front 
elevation. 
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LIST OF MATERIALS 



ITEM 


DECCRIPTION 


STOCK fiO. 


CAT. NO. 


A 


SPW 61 POT. IPMSfOKtR 


3-Pe-460 




B 


GROU.%0 PAD 250 MCM 


M6-545 




C 


CLAKP GKOUiND ? t<f)\J uttm pniT= 

locic.;askers & nuts 


1-16-540 




D 


MACHINE BOLTS 1/2 X 2" EVERDUR 


5' 16-643 




E 


NO. 2 B£RE. SOLID COPPFR UTrr 


6-07-245 




F 


250 t'Cl\ BARE COPPFR Rwn uioc ~ 

SOFT DR^.WN 


6-07-360 




G 


CONDUIT. 3/4" RIGID STtZL GALV 


4-04-013 




H 


COUPLING. 3/4" CONDUIT 


4-04-213 




I 


COUPLING. 3/4" ERirif<;nw 


4-04-313 




J 


3/1" X 2" CONDUIT NIPPI E 


5-29-482 




K 


RED'.lfFR. CONDIITT ]" tn ^/fl" 


* PROrilRF 




L 


ELL, STREET. QO^ 3/4" GALV. 


5-29-234 




M 


STRAP. 1 HOLE 3/4" (1ALLEA8I ? IPmj 


5-29-823 




N 


MACHII.'t SCREWS 1/4'' X 90 t I"' ' 

WITH NUTS 


b-33-540 
5-26-^25 




0 


GASKET. CONDUIT HUB 


4-04-135 




P 


HUB. 3/4" REMOVABLE 


4-04-453 




Q 


FUSE BOX TYPE 1 


4-02-C54 




K 


LOCK NUT. 3/4" CONniITT 


4-04-513 




s 


BUSHING, 3/4" CONDUIT 


4-C4-113 




T 


SCREEN. WIRE VENT 






U 


STRAP m 250 MCM STRD. COPPER 


4-24-755 




V 


TERMINAL LUG COPPER. 1 HOLE *4 TO 4/0 


1-54-810 




W 


MACHINE BOLT 5/16" X V EVEhDUR 


5-16-600 




X 


NUT 5/16 EVERDUR 


5-26-451 
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Many engineers prepare and issue a plan view of the grounding 
system and conduits. The ground grid or grounding system is 
commonly made up from copper wire buried beneath the ground. The 
best practice is to use bare stranded copper cable. The size of 
the wire will be indicated on tlie drawing - #4/0 str. or 250 mom, 
or whatever size has been specified. The grounding cable will be 
shown in its approximate location and according to company 
standards, as will the seven-foot long 3/4-inch ground rods. The 
fence must be grounded at least every so many feet, depending upon 
company policy. Equipment and structures must be grounded 
according to certain standards. A great deal of time, effort, and 
expense is necessary to insure a very low resistance ground grid 
in an effort to hold the ground rise potential to safe levels. 

The conduit plan of the substation is customarily shown together 
with the ground grid. The purpose is to show the two ends of the 
conduits, any pull boxes, or vaults, and the approximate route of 
the conduits. If the length of a cable run is desired, it should 
be possible to scale from the plan, and by allowing enough length 
at each end for "makeup", determine the approximate length. 



WIRING DIAGRAMS 



Wiring diagrams are drawings that are intended to show, in 
diagrammatic form, electrical connections. They are never drawn 
to scale, but only she the electrical association of the 
different electrical equipments. In diagram work, symbols are 
used extensively to represent the various pieces of electrical 
apparatus, and these symbols are connected by lines indicating the 
wires that complete the electrical circuits. 

Many students have indicated to me that the mechanical drawings we 
have discussed in the previous pages are relatively easy to 
understand, but that wiring diagrams are something else. We will 
therefore devote most of our attention to mastering this type of 
drawing. -^e will start very basic and progress from there. 

Every electric circuit can be considered to consist of two wires, 
if you wish: one wire carrying the current to the load, and the 
ether wire returning the current to the source. If we consider a 
very simple circuit, such as a lamp controlled by a switch, it may 
help you to understand better if you will imagine that each wire 
is hollow, like a waterpipe - switches are shutoff valves, every 
lamp, relay, or appliance must 'lave water (an electric current) 
flowing through it to operate. 

Water (current) must flow in at one wire at the point marked 
"source", through the wire, switch, etc., through the lamp or 
appliance and back to the source which supplies the pressure 
(voltage) You have already learned that current cannot flow 
unless there i^ a complete circuit and unless this complete 
circuit can be traced, the lamp or device will not operate. 
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Hot Wire 



120 Volt Source 
Neutral Wire 




In actual 
controlled 



practice, you may 
by a single switch. 



have several lamps or devices 



^ Hot Wi 



rc 



120 Volt Source 



1 




Neutral Wire 



Note that if one lamp burns out 
the others are not affected. 



I @ Hi IP 



cnat IS, two different locations. This is verv <=1mnl- 
acco^plished by using switches known as "three-way" switches ' 
'2er.Ts\ToLi:".e 7^^^^",-^ light wiU be on be'caa e 



Hot Wi rc 

120 Volt Source 
J, Neutral Wire 




S3 

-J6 



Tiro one switch into the "down position" (dotted line) and the 

UghL will go out because the circuit has been broken. if you 
nove to the other switch location and place it in the "doin" 
position (dotted line), the light will be turned on again. 

otn.erwords, tne light can be turned on and off from either of rh. 

two switches. The two wires t..at are connected to ru. betwee he 
tv.-o switches are commonly referred to as travelers. 



In 



fn. t^iree-way swJr.:hos. note thaC on on. .mU of each swfr I, 
..wo pl.c.s to counorc vir.s. Two wlr.-s .re run I , >.n 
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these terminals to the two terminals on the other switch. These 
two wires are the travelers. 

Sometimes It Is found necessary to turn a light on or off from 
more than two points. In this case, use two three-way switches 
for the first two locations, and a four-way switch at each 
additional point or location. Four-way switches have four 
terminals In which to connect wires. • 



Hot Wire 



120 Volt 




Source 

^ Neutral Wire 

The National Electric Code provides that all wiring systems 
carrying alternating current must be grounded; It Is seldom that 
any kind of system is not grounded. In switching circuits, the 
hot wire is the one broken by the switch. The neutral or white 
wire is grounded and always runb from the grounded, unf used side 
in circuit or lube cabinet, direct to sockets, receptacles or 
other devices, without being intetrupted by a switch. On most 
circuit cabinets, receptacles, sockets, etc., you will find one 
terminal natural brass color and one a dull "silver" or "tin" 
color. The white wire always fastens to this white "silver" color 
terminal • 

Connectl'-n diagrams, or wiring diagrams, show the connections to 
an installation or a specific piece of equipment. It can be 
thought of as a diagram used to Interconnect devices of a 
switchgear equipment -assembly. It may or may not show internal 
connections or devices. 

A wiring diagram is more pictorial in nature than schematics and, 
in general, devices are shown in a form representative of the 
physical arrangement of the terminals to whJ ch connections are 
made. Wiring diagrams of switchboard panels are always shown as a 
back view of the panel because the wires are on the back of the 
panel. If you are working on the wiring you will be facing the 
back of the panel. 

The wiring or connection diagram Is of limited value after the 
equipment is in and working. Its chief value, of course, is for 
making connections on the original installation, or when it 
becomes necessary to modify the connections co the equipment in 
6 ^ way. 

As stated previously, wiring diagrams are not drawn to scale and 
the 'iqulpiaent is shown in its relative position only. The space 
between the equipment on wiring diagrams is often governed by the 
number of wiiss that must be shown there. There are a number of 
conventions taat promote uniformity, but there are at least three 
distinct types of wiring diagrams. 
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The first type of diagram used only on the simpler pieces of 
equipment will show all wires by individual lines. In the second 
type of diagram the line from each device terminal is given an 
identification code number. The line is then combined with other 
wires so that a group of wires is represented by a single line. 
At the other end, the terminals are given similar code numbers 
indicate to what each w^lre connects. Since fewer wires are shown 
in a wiring diagram of this type than are shown in type one, the 
diagram is not so crowded and tracing is made easier. 

A common method of identifying each wire is to provide a break in 
the line that connects to the terminal, the identification code 
number is then written in the breaks in the lines. Every 
conductor shown entering a group is identified by the same 
distinguishing number, letter, or sign, as used to identify it at 
the opposite end of the group or terminal. 

A third type of wiring diagram being used by engineering firms 
today does not chow any lines to represent wires and therefore 
this type is referred to as "lineless diagrams". Each device on a 
piece of switchgear, relay; or control panel, is assigned an 
arbitrary letter, or set of letters and/or numbers. Such code 
letters are also assigned to each terminal block, fuse block, 
resistor, relay, or any other accessory device to which wires are 
attached, and all terminals on the devices must be numbered. 
Every physical wire has to be coded for identification by a 
number, or by a letter and a number. We call these numbers ''wire 
numbers". The wires are not shown as lines, but are listed in a 
chart on the diagram. A schematic diagram is also prepared and 
the same coding must appear on both diagrams. If you must trace 
the wiring on a lineless diagram, it is most easily accompl i rshe d 
by referring to the schematic diagram. 

The connection chart, sometimes called "wire table", always has a 
minimum of three vertical columns. The first vertical list is the 
"wire numbers" or "wire code*'. The second and third vertical 
columns are under the headings of "from" and "to" and simply 
distinguish one end of a wire from the other. Sometimes a fourth 
"wire size" column is included which is self-explanatory (i.e., it 
indicates the AWG size of each individual wire). 

Electrical schematics are most often shown on a separate drawing* 
They are drawn in the straight line form and the coils and 
contacts of relays or ditferent pieces of equipment are sometimes 
entirely disassociated. A switch and a light bulb, for example, 
indicated next to each other in the schematic diagram may actually 
be located in different rooms. 



Schematic diagrams use mostly accepted standard symbols to 
represent electrical devices. They are not drawn to scale aii't do 
not show the shaP'^ of devices. Straight lines joining the symbols 
representing el trical equipment indicate the equipment is 
connected. Whenever applicable, devices are designated by 
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standard ASA function numbers and suffix letters. Included in the 
back of this text is a list of ASA device numbers and functions. 

\ wiring diagram usually indicates the actual layout of wlren on 
panels or between devices, A schematic diagram may use che same 
symbols, but it is in effect a shorthand explanation of the manner 
in which a group of electrical devices operate. Control 
schematics are drawn with all the equipment shown in the 
de-er3rgized position unless otherwise stated. Normally, open 
switches are shown with their contacts open, and closed switches 
are drawn closed. 



The wires between symbols are drawn either horizontally or 
vertically, but this does not mean that the actual wire which 
physically connects the two devices must be horizontal or 
vertical. The persons who will use the diagram are presumed to be 
reasonably familiar with the operation of the devices. The same 
symbol may be used to represe.*t different devices. For example, a 
circle generally means a relay, motor, lamp, meter, or any 

device that might consume electric current. A letter or device 
number in the circle usually makes the meaning clear to the 
reader . 



A schematic diagram is very valuable in troubleshooting. They 
indicate primarily connections of devices in an electrical system. 
The circuit must be complete to operate correctly. Schematic 
diagrams are used to check the completeness of the circuit. The 
wiring diagram of the same circuit will show you the location of 
the devices so that you can find which part of the circuit is 
faulty . 

There are several types of schematics commonly used. Basically, 
they may be classified as a "one iine schematic", a "three line 
schematic", and the "control schematic". Regardless of the actual 
number of wires between components of a circuit, the one line 
schematic uses a single line between symbols. The one-line 
diagram is very useful in showing the overall scheme for a 
generating or substation. If three lines are drawn to show all 
three phase wires, the diagram would be known as a three-line 
diagram. Three-line schematic diagrams are most useful in showing 
the connections of power transformers, CT's, PT's, instruments and 
relays. Control schematics, as previously mentioned, are drawn to 
indicate electrically how the electrical device, or group of 
devices, operate. 

On pages 185 , 186 , 187 , and 189 , are some wiring diagrams that can 
be easily assembled for classroom exercises.. Students who are 
just beginning will benefit most if they are able to wire up each 
exercise and make the models operate, analyzing the operation from 
^he schematic diagram. Your instructor may be able to provide 
most of the relays, pushbuttons, switches, lamps, sockets, and 
short scraps of wire necessary. It is suggested that the 
equipment be mounted on a plywood stand; however, all these 
devices will operate just as well if left free standing. To 
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expedite the connections, flexible wire equipped with alligator 
test clips is found to be invaluable. 

The relays used for these models are General Electric type HGA 120 
volt, Westinghouse type MG-6 120 volt (with an electric reset), 
a-c relays. Several Alan Bradly pushbutton combinations, as 
commonly used on motor control were used, as well as an assortment 
of 10-watt, 120-volt light bulbs and sockets. Switches can be of 
the type normally used in residential or commercial lighting (one 
single-pole-single-throw, two three-way, and one four-way). 
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WORKING MODEL FOR SUBSTATION LIGHTING 
TO BE ASSEMBLED IN THE CLASSROOM 



ALSO INCLUDES PUSHBUTTCN STATION AND HGA 
RELAY TO DEMONSTRATE ELECTRICAL SEAL IN 




LEGEND 



PC 


m 


Photocell 


c/o SW 




Cutout Switch 


CI 




Photocell 






Contactor (HGA) 


C2 


m 


Gate & Control 






House Contactor 






(HGA) 


LG 




Gate Switch Yard 






Lights 


LT 




Photocell Yard 






Lights 



CONTROL SCHEMATIC 



o 6 



CONTROL 
HOUSE 



PVK3T0 

CELL 
LIGHTS 





H6HTS 
CONTROL 

5W 




prtOTO 
i-J-9 p 0 



CD 



z 



c/o 

5W, 



V ,1 



i s. 












-0- 









WIRING DIAGRAM 



I- 



SW. 



JL 
o o 

START 
STOP 
i-4Qlli>4-| 
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WORKING .MODEL FOR CLASSROOM DEMONSTRATION OF TYPICAL 
52X - 52Y RELAYS WHICH PROVIDE ANTI-PUMP FEATURE UTILIZED 
IN POWER CIRCUIT BREAKERS USING M6-6 RELAY WITH ELECTRIC 
RcSET FOR BREAKER MECHANISM SIMULATOR 



o 

•J 
S 
o 




It 



= fit 



1 



510. 



J 



5Zb 



SCHEMATIC DIAGRAM 




WIRING DIAGRAM 
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A SIMPLE WORKING MODEL FOR CLASSROOM TO DEMONSTRATE FORWARD REVERSE 
STOP MOTOR CONTROL INTERLOCKED THROUGH PUSHBUTTONS 



fHO VOLT bO Hi 




0 0 
upflo — 



SCHE MATIC 



R 

2 II a 



rev. 



F 



6reen lamp =^FOK. 




THIS SCHEME IS WIftED SO CONTACTORS CAN BE SWITCHED FROM ONE DIRECTION TO THb 
OTHER WITHOUT PUSHING THE STOP BUTTON. THIS DIAGRAM IS DRAWN USING LAMPS 
INSTEAD OF MOTORS AND SHOULD BE WIRED UP IN THE CI.ASSROOM. 

EACH STUDENT SHOULD IDENTIFY THE PUSH BUTTOH TERMINALS BY REFERRING TO THE 
WIRING DIAGRAM 6 PLACE THE CORRECT NUMBER INSIDE THE Q ON THE SCHEMATIC. 




RELAYS ARRANGED FOR SEQUENCE CONTROL OF A CONVEVOR SYSTEM. STUDENTS CAN 
WIRE THIS IN THE CLASSROOM. RELAYS SIMULATE MOTOR CONTACTORS. 



X 




T— 


= c» 


i, NoZ 


c 




0 









^ ^ O ^ 




M2 CANNOT BE STARTED UNTIL Ml IS RUNNING AND M3 CANNOT BE STARTED 
UNTIL M2 IS RUNNING. THIS IS NECESSARY IF Ml IS DRIVING A CONVEYOR 
FED BY ANOTHER CONVEYOR DRIVEN BY M2. MATERIAL F^^OM THE M2 CONVEYOR 
WOULD PILE UP IF THE Ml CONVEYOR COUL(X NOT CARRY IT AWAY. 




l^iH ^^^--^ will 
Conveyor oeli No. 5^ Conveyor rio.2 * Conveyor No. 

TYPICAL APP LIGATION 




TO 

IZO VOtT 

60 HZ SOUVKE 

t t 

X z 

6 6 



? 



9 



No. 3 

STOP 



1 J! 




WIRING 



DIAGRAM - USE LAMPS FOR MOTOKS 
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Lesson 2-8* 1 



ELECTRICAL PRINT READING 



The small one-line scheraatic in the upper right-hand corner of 
page 190 shows a circuit breaker containing multi-ratio bushing 
current transformers for both the source side of the line side of 
the breaker. The source side CT's are to be connected to the 
over-current relays connected for a ratio of 600 amp to 5 amp. 
The load side current transformers are to be connected to the 
recording-demand watt-hour meter and thermal-demand ammeters with 
a CT ratio of 400 to 5. 



Check-up: (2-8-1 ) 



1. 



2. 



3. 



4. 



Place the correct wire group letters 
match up the wire groups. 



in the blank circles to 



Complete the connecrions to the CT terminal blocks, observing 
the correct polarity and ratio as is on the one-line schematic 
and three-line wiring diagram. 



Label the wires at the CT terminal blocks - CI, C2, C3, and 
to correspond to A, B, C, and common (i.e., the wire that 
carries A-phase current should be labeled CI, the wire that 
carries B-phase current should be labeled CT , etc.). 



CO 



On page 191 is 
the bottom of 
You will find 
to be ured to 
designat ions , 



a three-line schematic. The breaker is shown at 
the page, the meters and relays are shown above, 
bracke ts numbered 1 to 32. These brackets are 
identify the CT terminal block terminal 
the type FT-1 test switch letters, meter 
terminal numbers, or relay terminal numbers. Refer to the 
wiring diagrams on page 190 . 
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PRINT READING EXERCISE : 

label CI, C2, C3i CO for both sets, observe 
the polarity of the connections as per the 
one 1 Ine diagram. 
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Print Reading Exercise ; Check-up: (2-8-1) Note that the same C.T. connections 
ore shown below on a three line schematic. 

Identify the C.T. terminal block connections used in this application by piecing the 
correct C.T. terminal in the brockets adjacent to the C.T. secondary w5re. 

Place the wire group identification letter in the correct circles. 

Identify the relay terminals by placing the corrf;ct number of tne lerminci in the brac- 
kets adjacent to the relay. In the same manner identify the RDWH meter terminals. 

Each FT-1 test switch is identified with a letter ("A" through "J"). Place the correct 
letter in vhe L*^' brackets. 



THREE LINE SCHEMATIC 
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Lesson 2-8-2 



ELECTRICAL PRINT READING 



For Print Reading Exercise: Check-up: 2-8-2 (this is an example 
of the "lineless diagram"). The example on page 193 is a 
manufacturer diagram of a 115 kv oil circuit-breaker mechanism. 
Note that each device on the switchgear is assigned an arbitrary 
letter, or set of letters. Every wire has been cod^d for 
identification by a number or letter, or a combination of both. 
Also note that the same "wire number" does not appear on both ends 
of the wire. This number is intended to tell x^hat device and 
terminal on that device (terminal block, fuse, etc.) will be found 
on the opposite end of the wire. For example, on the right side 
of the terminal strip labeled "T" is a wire affixed to terriinal 35 
with the wire number "El". When locating the device which has 
been assigned the letter "E" , it will be noted that it is the 
motor fuse block, and affixed to terminal 1 is a wire with the 
wire number "T35". This shows that this particular wire provides 
a circuit from terminal block "T35" and the motor fuse block 
terminal "1". 



In this type of point-to-point diagram, the "wire number" is 
derived from the identification letters on the devices, and their 
studs or terminal numbers. 



In another example, terminal block "T , a wire is connected to 
terminal 60 labeled "A18". The opposite end of this wire will be 
found on the auxiliary switch "A", terminal 18, and labeled with 
wire number "T60". Short jumpers, connections between terminals 
on the same device, are usually shown in full and do not bear any 
lead identification. 



Check-up : ( 2-8-2 ) 



For the schematic diagram of this breaker (page 194), few of the 
terminals are identified. Adjacent to the termliul or device, 
however, you will find a parenthesis with a number inside. The 
problem is to assign the correct terminal point, device terminal, 
or ASA device number, that coincides with the number enclosed In 
the parenthesis. 



2'-'! 

]92 



orn wiaiNG niACRAM 

USE IN COfUUNCnON 
WITH PRINT READING 
EXERCISE CHECK-UP: 



(2-8-2) 



^1 



*C\ ^ 







1'^ 






7\ 








* r 1 ' 1 

<1 < <IL 


1 




< 




1 1 I 

rr- T" frf-s 





2 




1 1 ; 1 f r » 




•fx 
























9^- 



I n6-o| 



^ ^ ^ 

»— r*. 



TA 



£5 - 



/I -It- J-i 2^ 

art 60 aiZ bil ^ 

n Z^i 2\ 

? ? ? f 



A 



-r- 



t« /"f I/, d & ^ 

m lf9 «ff *7 aC» a-/ V5 3 

if n (r n f 1 5 ^ i 

V ?? y T ? ? y f T 

_ W ^ Biw t«V (Mk^ .'t 



EH 



/ycu 



l-KI 



fl2. 



1^ 



1^. 



5^ 



5? 



UN 



£ ~ 

r- k— V- 



K-at 



CUJ5» WHEN OCB 

TO mrx c\Tif f 0C5 



2 



ERIC 



p Kl NT REMINO EXERCIse 



4> 




INSTRUCTIONS: Check-up: (2-8-2) 
Refer to *^he wiring dlc^ram that accompanies 
this schematic and assign the correct terminal 
point or device number that will replace the 
number that appears enclosed within the 
parenthesis on this diagram - for example: 

( 1) - T3S ■ 

( 2) - 

( 3) - 



C - 

( 5) - 

( 6) - 

( 7) - 

( 8) - 

( 9) - 

(10) - 



(11) 
(12) 
(13) 
(IM 
(15) 
(16) 
(17) 



(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(2M 



(25) 
(26) 
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Lesson 2-8-3 



LINELESS WIRING DIAGRAM 



On pages 198 and 199 is an example of another kind of lineless 
diagram. This is a print of a mo t o r- o pe r a t e d disconnect 
mechanism. Note that the wires are not shown as lines between the 
device terminals, but are listed on a chart next to the diagram. 
Even the short jumpers and connections between terminals on the 
same device are listed. 

The devices are all assigned an arbitrary letter, or pair of 
letters. All terminals on the devices have also been assigned 
numbers. Evary physical wire has been coded by number, or by a 
letter and number (called "wire nuirbers"). A second column tells 
the reader where the wires terminate. For example: the first 
wire listed on the chart is wire number "IC". The location says 
wire "IC" provides a circuit from the terminal block labeled "TA" 
terminal "3" to the control fuse block labeled "MD" terminal 5. 
This system is used for the entire wiring diagram. 

Check-up : (2-8-3A) 

On page 196 you will find the schematic diagram for the control of 
the motor-operated d 1 s c o n ne c t - s w i t c h mechanism. Note the 
parentheses adjacent to the terminal block connection symbols with 
a number inside. Be able to identify each terminal block 
connection number (i.e., TAl , TA2, TA3 , etc.) by referring to the 
wire chart and wiring diagram on pages 198 and 199. 

Check-up: (2-8-3B) 

On page 199 is the motor schematics for the motor-operated 
disconnect. Some customers who order tnis equipment choose the dc 
series motor, others choose tae dc compound motor; both are shown 
here. Identify the terminal points and contacts shown in 
parentheses. 
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lOENTIPY THE FOLLOWING TEKMINAL BLOCK 
CONNECTIONS SHOWN IN PARENTHESIS ON THE 
ABOVE SCHEMATIC. REFEP TO THE WIRE CHART 
& WIRING DIAGRAM ON PAGE 



Aoplioniil equipment 

terminal I block connection 



SCHEMATIC LEGEND 



( t) 

( 2)' 

( 3)' 

( 

{ 5)" 



( 6) 

( 7)" 

( 8)' 

( 9)' 

(to)" 



B~ Fused Knife Switch 

23 Thermostat 

DC Open Contactor 

CC Closed Contactor 

88 Motor 

DK Sol' old Brake 

CTR Operation Counter 

G Green Indicating Light (Open) 

R Red Indicating Light (Closed) 

88-2 Closed Exce;)t in Mechanism Open 
Pos i t ion 

38-1 Closed except in Mechanism Closed 
Pos i t ion 

S Hand Crank Interlock 
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A.C.C. Automatic Closing Cutout 

50-51 Phase Ovcrcurrcnt Relay Inst £ Time Delay Trip 

5ON-5IN Ground Ovcrcurrent Relay Inst t Tine Delay Trip 

52CS O.C.B. Control SW. 

52 O.C.9. 

a Aux SW. Closed When O.C.B. Is Closed 

b Aux. SW. Closed When O.C.B. Is Open 

M Spring Winding & Closing Motor 

X Kotor Contactor 

Y Closing Cutoff Relay 

K Motor Limit SV. 

Z Cut Out SW. Opens When O.C.B. Is tripped Manually 
Resets When O.C.B. is Closed 

TC Trip Col 1 

79 Reclosing Timer, MT-3 

BA Alarm Contact 

LO Timer Lock-Out Contact Opens After first Reclosure 

Closes When Timer Resets 

79X Aux. Relay for Timer 

7^ Alarm Relay 
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EXAMPLE OF A LINELESS WIRING 
DIAGRAM FOR A MOTOR OPERATED 
DISCONNECT SWITCH EITHER DC 
SERIES OR DC COMPOUND MOTOR 
WILL BE SUPPLIED USER MUST 
SPECIFY. 
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Lesson 2-8-4 



DIAGRAMS FOR CAPACITOR BANK CONTROL 



On pages 20b ttirougti21U are aiagraras ioi unc cviiL.v^l of a 3,600 
KVAR capacitor bank such as might be in use in a distribution 
substation. On page 206 is shown the three-line diagram. The 
switching of the capacitor bank is accomplished by closing or 
opening of the vacuum switch. This may be done in a manual mode 
or in an auto ma tic mode. In either case, the vacuum switch Is 
made to close electrically. 

The manual mode can be selected with the "43" (selector) switch, a 
single-pole, double-throw switch. In this mode of operation, the 
operator must turn the device "number 52" control switch to the 
"close" position when it is desirable to close the vacuum switch. 
Likewise, the operator can open the vacuum switch by turning the 
"52" control switch to the "open" position. The "52" control 
switch is a General Electric type SBl (commonly used for breaker 
control). 

The control of the vacuum switch is interlocked with the ground 
switch to prevent inadvertently closing the vacuum switch when the 
ground switch is closed, or vice versa. This is to prevent 
shorting and grounding the energized bank, which would produce 
disastrous results. Short circuit protection is provided, 

otherwise, by current-limiting fuses. 

Capacitor cans come equipped with internal bleeder resistors and 
will, when the capacitor bank is de-energized, bleed the stored 
charge from the can in »-hree to five minutes. Most manufacturers 
recommend waiting a minimum of five minutes after de-energizing a 
capacitor before closing the ground switch or re-energlz ing the 
bank . 

The control also has an "automatic" mode of operation nnd can be 
placed in service with the "43" (auto-manual selector) switch. In 
the automatic mode of operation, the WF CONTROLLER (device //l-l) 
will control the switching of the vacuum switch. The controller 
amounts to a sophisticated wattmeter with contacts that will close 
to switch the capacitor bank in, when the load through the main 
power transformer builds up to some preset value, and to switch 
the capacitor off when the load falls below a preset value. The 
three-line diagram shows the current transformer and potential 
transformer that supply secondary current and voltage to the 
wattmeter element of the controller, 

Overvoltage protection is provided by a General Electric type lAV 
relay. The overvoltage contacts are set to close (after a slight 
time delay) for 110 percent and above of normal voltage. The lAV 
relay is also equipped with a set of contacts for undervoltage (in 
this case, they should be thought of as normal voltage) set to 
close at 105 percent and below the normal voltage level. 
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Underf requency protection is frequently installed in distribution 
stations such as this. You will find a contact o. the under- 
frequency relay shown on the ac schematic; however, tae relay is 
located in another part if the substation, not included in this 
set of drawings. Each individual capacitor can is protected from 
short circuits or internal faults by a capacitor fuse and, as 
mentioned previously, the entire bank is protected by current 
limiting fuses. 
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CAPACITOR CONTROL WIRING DIAGR.iM 



Check-up: (2-8-4) 

Instructions: Select the answer that is the most accurate. 

1. The "2-1" time delay relay when first energized: 

(a) blocks opening of the vacuum switch 

(b) blocks closing of the vacuum switch 

(c) blocks both opening and closing of the vacuum 

swi t ch 

(d) turns on the green indicating lamp 

2. The "2-1" time delay relay will become energized: 
(a) when the vacuum switch is first closed 

some adjustable time (3 to 5 minutes) after the 

vacuum switch is opened 
when the "43" switch is on automatic and the vacuum 

switch is opened 
(d) anytime the vacuum switch is opened 

3. The "2T-1" timing relay, if energized, will: 

(a) remove the potential from the master control relay 

close the vacuum switch, if the "43" switch is in 

ti"e auto ma tic mode 
(c) trip the vacuum switch with no regard to the 

position of the "43" selector switch 
^r^P the vacuum switch only when the "43" switch is 

made automatic 

4. The 59X relay will be picked up (operated) whenever: 

there is a short circuit on the capacitor bank 

the 120/240 volt-ac gets above a preset value of 

volts 

(c) the 120 volt-ac bus potential gets above a preset 

value of volts 

the 48 volt-dc gets above a preset value of volts 

5. The 59X relay will be reset or dropped: 

(a) overvoltage on the 120/240 volt-ac circuit 

(b) undervoltage on the 48 volt-dc 

(c) anytime the 43 switch is made manual 

(d) low voltage on the 120 volt-ac bus potential 

6. The kirk key interlock used on the ground switch for the 
capacitor bank has a set of contacts, numbers 2 and 7 that 



are 



(a) closed whenever the vacuum switch is open 



(b) 



open whenever the ground switch is closed 

(c) closed whenever the ground switch is closed 

(d) closed whenever the 94 relay has operated 
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The terminal block numbers on the vacuum switch to which t 
wires are connected ihat provide dc power to the vacuum 
swi tch ar e : 

(a) I for positive, 2 fo negative 

3 for positive, 4 for negative 

(c) 7 for positive, 9 for negative 

(d) 1 for negative, 2 for positive 

The 59X relay, when operated, blocks closing of the vacuum 
swi t ch : 

(a) when In the automatic mode 

(b) when in the manual mode 

(c) when in either manual o/ automatic mode 

until the "2-1" time delay relay times out 



Contacts 2 and 3 of the 52X relay when closed: 

energize the vacuum switch closing coil 

(b) seal in the 52X coil 

(c) de-eaerglze the 52Y relay 

(d) probably blow the 48 volt-dc control fuse 

The wires connecting to the 52Y relay coil are labeled: 

(a) 3A and 3B 

(b) 3 and 3A 

(c) 3B and 7 

(d) lA and 2A 



The 59X relay operate coil cannot be picked up (energized) 
unle ss : 

(a) the vacuum switch is closed 

(b) the kirk key interlock is adjusted correctly 

(c) the "43" switch is made automatic 

the master controller is working properly 



When the 43 switch is in automatic mode: 

52 control switch, ^f operated, will open the 

breaker — not close it 

(b) close the breaker, but not open it 

(c) allow the master controller to opan the breaker 

when the frequency gets too high 
permit the master controller to control the brenk 

for preset load conditions 

Assume the breaker has tripped out and for some reason It 
will not close again, either on manual or automatic. Which 
of the following is the most logical reason: 

the master controller "1-lY" contact is closed 

(b) the 94 relay is sealed up 

the electric counter is not operaling 

the 2-1 time delay relay has you blocked 



20 5 



^> 1 



Assume ihe breaker is in the closed position and the red 
indicating lamp is not burning - it should ^e. The most 
logical reason is : 

(a) the "^3" switch is on manual mode 

(b) one of the 120/240 volt-20 fuses located in the 

capacitor control cabinet has blown 

(c) the 120 volt-ac bus potential has been interrupted 

(d) the 30-amp , 48-volt negative fuse is blown 

Terra 6 on the "1-1" contact making wattmeter is "hot" to 
ground (i.e., it has a voltage of 120-volt9 to ground). This 
is an indication that: 

(a) the potential coil of the controller could be open 

circuited 

(b) the potential coil could be shorted out 

(c) the FT-1 test switch "A" could be open 

(d) the FT-1 test switch "B" could be open 

Referring to the master controller: 

(a) relay coil 1-lY and relay coil 1-lX are operat.ing 

from a ha If -wave rectifier circuit 
(b) relay coil 1-lX and relay coil 1-lY operate from a 

full -wave rectifier 

(c) 1-lY operates from ac and 1-lX operates from dc 

(d) 1-lY operates on dc and 1-lX operates on ac 

The master controller device No. 1-1 is a contact making 
wattmeter. Wh^n the load through the main power transformer 
reaches a preset value of kilowatts, the contacts of the 
meter close and de-energize trie 1-lX relay coil: 

(a) which de-energizes the 1-lY relay and thus tripo 

the 94 relay 

(b) and energizes the 1-lY relay which seals in through 

its own con t a c t 

(c) by shorting out the 1-lX relay coil 

(d) so as to reduce the load on the isolatin 

trans torme r 



The ration of the auxiliary current transformer is such that: 
(a) when 1 amp flows in the primary circuit, 2 amps 

flow to t\\e current coil of the master controller 
(b) 4 amps in the primary will produce only 2 amps in 

the secondary 

(c) it will equal the ration of the potential 

t rans f o rme r 

(d) the current ve^ tor will be more in phase with the 

poteiitial transformer vector 
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Assume the breaker is open and a voltmeter with terminal 27 
to terminal 28 (capacitor control cabinet) shows a potential 
of approximately 48 volts-dc. This would seem to indicate 
that the: 

(a) green lamp is working and verifies the breaker ts 

open 

auxiliary switch contacts 12 and 13 on the vacuum 

switch have an air gap (i.e., the wiring is 
incomplete) 

(operation counter) must have counted an 

operation 

(d) the "2-1" agastat relay is energized 

In accordance with the National Electric Code, all high 
voltage cells must be equipped with internal resistors for 
the purpose of discharging the cells after line potential has 
been removed. One shoi'ld keep in mind, however, that the 
capacitor may retain a dangerous charge for several minutes. 
As a safety margin it is best not to re-energize the 
capacitors for approximately 5 minutes. The relay in the 
control circuit that supervises this function is: 

(a) the "2T-1" timing relay 

(b) the 1-1 master controller 

(c) the "2-1" tiiring relay 
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CAPACITOR CONTROL D-C SCHEMATIC DIAGRAM 
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VACUUM SWITCH WIRING DIAGRAM 




n 

iA 2A 

<D! >(!) 



U 



52 
TC 
X 
C 

cs 

G 
R 
^3 
59 
59X 
2 

SI 
TS 
Eft 
EC 
2T-1 
81-Y 



DEVICE NUMBER 
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Master Control Contact - 
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IX Price Relay 
lY Control Relay 
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C losing Aux. Relay 
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Electric Reset 
Electric Counter 
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Aux. SW Closes When 

OCB Closes 
Aux SW Opens When 
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Lesson 2-8-5 



PRINT READING - TEST YOUR KNOWLEDGE 



Check-up: (2-8-5) 



Refer to the accompanying elementary and wiring diagrams on pages 

21^ and 215, and answer the following twenty questions: 

I. The wire number that connects the "52Y" relay coil to term 
block 10 is 



2. The wire number for the wire that connects the "63MX" relay 
coil to a 10-amp time lag fuse is • 



3» The wire number for the wire that connects the thermostat to 
the 500-watt, 240-volt heater is 



4. The wire number for the wire that connects the 08 fuse to the 
"52Y" relay coil is 



5. The wire number for the jumper that connects terra block 6 to 
term block lOA is 



6. The wire number for the wire that connects the light to the 
duplex receptical is . 



7. The wire number of the wire that connects the "63MX" relay 
coil to a contact of the "bBM" (pressure regulator) is 



8. The wire number of the wire that connects the "63C" contact 
(pressure switch - lockout prevents operation at low 
pressure) and a "52b" switch is 



9. The wire number of the wire that connects the breaker trip 
coil to negative is • 



10. The wire number of the wires that provide the feed to fuse 
blocks H & M is 



11. What level of voltage is to be utilized to operate the motor? 



12. With the circuit breaker open and the control power switches 
closed (energized), would a voltmeter connected to terra block 
13 indicate 125 volts negative, or 125 volta positive? 



13. If in question 12 the circuit breaker were closed, would term 
block 13 be 125 volts negative, or 125 volts positive? 
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14. Should terra block 3 be connected to a hot wire, or a neutral 
wire? 



15. A voltraeter connected frora wire number 4 to wire nuraber 4a 
and indicating 120 volts ac would indicate th^^t 08 L 15 amp 
fuse was blown, true or false? • 



16» If a wireraan reraoved and taped the wire connected to terra 
block 36H, would this prevent the heater frora operation? 



17. The master controller device nuraber 1-1 is a contact raaking 
wattraeter. When the load through the raain power transforraer 
reaches a preset value of kilowatts, the contacts of the 
raeter close and de-energize the 1-lX relay coil: 

(a) which de-energizes the 1-lY relay and thus trips 

the 94 relay 

(b) and energizes the 1-lY relay which seals in through 

its own contact 

(c) by shorting out the '-1X relay coil 

(d) so as to reduce the load on the isolation 

transforraer 

18. The ration of the auxiliary current transforraer is such that: 
(a) when 1 arap flows in the priraary circuit, 2 araps 

flow to the current coil of the master controller 

(b) 4 araps in the priraary will produce only 2 amps in 

the secondary 

(c) it will equal the ration of the potential 

transforraer 

(d) the current vector will be raore in phase with the 

potential transforraer vector 

19» Assurae the breaker is open and a voltraeter frora terrainal 27 
to terminal 28 (capacitor control cabinet) shows a potentidl 
of approximately 48 volts dc. This would seem to indicate 
that the: 

(a) green larap is working and verifies the breaker is 

open 

^b) auxiliary switch contacts 12 and 13 on the vacuum 

switch have an airgap (i.e., wiring is incoraplete) 

(c) the E.G. (operation counter) must have counted an 

operation 

(d) the **2-l" agastat relay is energized 
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20. In accordance with the National Electric Code, all high 
voltage capacitor cells must be equipped with internal 
resistors for the purpose of discharging the cells s^'tcr line 
potential has been removed. One should keep in mind, 
however, that the capacitor may retain a dangerous charge for 
several minutes. As a safety margin it is best not to 
re-energize the capacitors for approximately 5 minutes. The 
relay in the control circuit that supervises this function 
is: 

(a) Che "2T-1" timing relay 

(b) the 1-1 master controller 

(c) the "2-1" timing relay 
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DEVICE NUMBERS AND FUNCTIONS 



1 MASTER ELEMENT is the initiation device, such as a control 
switch, voltage relay, float switch, etc., which serves 
either directly, or through such permissive devices as 
piotective and time delays, to place an equipment in or out 
of operation- 

2 TIME-DELAY STARTING or CLOSING RELAY is one which gives a 
desired amount of time delay between operations in an 
automatic sequence. 

3 (Reserved for future application.) 

4 MASTER CONTACTOR or RELAY is a device, generally controlled 
by device number I, or equivalent, and the necessary 
permissive and protective devices, which serves to make and 
break the necessary control circuits to place an equipment 
into operation under the desired conditions and to take it 
out of operation under other, or abnormal, conditions. 

5 STOPPING DEVICE is one whose primary function is to place and 
hold an equipment out of operation. 

6 STARTING CIRCUIT BREAKER, CONTACTOR, OR SWITCH is a device 
whose principal function is to connect a machine to its 
source of starting voltage. 

7 ANODE CIRCUIT BREAKER is one used in the anode circuits of a 
power rectifier primarily to interrupt the rectifier circuit 
on arc back. 

8 CONTROL POWER SWITCH is a manually-operated switch or circuit 
breaker used for the express purpose of connecting and 
disconnecting the source of control power to and from the 
control bus or equipment> 

9 REVERSING DEVICE is one which is used to reverse the 
shunt-field connections of a synchronous converter during the 
starting sequence, or for other special reversing functions. 

10 UNIT SEQUENCE SWITCH is one which is used to change the 
sequence of placing units in and out of service in 
multiple-unit equipment. 

11 CONTROL POWER TRANSFORMER is a transformer which serves as 
the source as an ac control power for operating ac devices. 

12 OVERSPEED DEVICE is usually a direct-connected speed switch 
which functions on machine overspeed. 

13 SYNCHRONOUS-SPEED DEVICE is one which operates at 
approximately normal synchronous speed of a machine, such as 
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a centrifugal-speed switch, a slip-frequency relay, a voltage 
relay, an undercurrent relay, or any type of device which 
functions at approximately normal machine speed. 

14 UNDERSPEED DEVICE is one which functions on machine speed 
below a desired value. 

15 SPEED REGULATING DEVICE is one which functions to hold the 
speed or frequency of a machine or system at a certain value, 
or between certain limits. 

16 BATTERY-CHARGING CONTROL DEVICE is the battery charger; 
namely a motor-generator set, tube or plate-type rectifier, 
etc. 

17 SERIES FIELD SHUNTING CIRCUIT BREAKER or CONTACTOR serves to 
open and close a shunt circuit around a machine series field. 

18 ACCELERATING or DECELERATING CIRCUIT BREAKER, CONTACTOR, or 
RELAY is one which is used to close, or cause the closing of, 
circuits for bringing a machine up to speed or shutting it 
down . 

19 STARTING TO RUNNING TRANSITION CONTACTOR or RELAY operates to 
cause the transfer of a machine from the starting to the 
running power connections. 

20 ELECTRICALIY OPERATED VALVE is a solenoid or motor-operated 
valve in vacuum, air, o*l, or water line, etc., or one used 
for braking purposes. 

21 IMPEDANCE RELAY Is one which functions when the circuit 
impedance increases or decreases to a predetermined value. 

22 EQUALIZER CIRCUIT BREAKER or CONTACTOR serves to make and 
break the equalizer or current-balancing connections for 
machine field, or machine voltage regulators, in a 
multiple-unit installation. 

23 TEMPERATURE REGULATING DEVICE is one which functions to hold 
the temperature of a machine or other apparatus between 
certain limits. 

24 BUS TIE CIRCUIT BREAKER, CONTACTOR, or SWITCH serves to 
connect buses or bus sections together. 

25 SYNCHRONIZING or PARALLELING DEVICE is one which operates 
when two ac circuits are within the desired limits of 
voltage, frequency, and/or phase angle, to permit or cause 
the paralleling of these two circuits. 

26 APPARATUS THERMAL DEVICE is one which functions at desired 
high and/or low operating-temperature values or limits of the 
apparatus to which it is applied. 
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RESISTOR THERMAL DEVICE is nn^ u,h^.v, r 

another £or;rp„/.Y%°r j/r« :r:;rraX 

test. '^"CLgency operating, maintenance, or 

ANNUNCIATOR RELAY is a nonautomatic reset device whirh 
a number of seoararp ^/^-.to^ i aevice which ^Ives 

of protective device" H ^ "'^ ^ « ^ "PO" the functioning 

the lockout funcrion?' ''^ -""^^^^ Perfor' 

SEPARATE EXCITATION DEVICE i« u 

such as a synchronourco„le er hu^'t lieTd""::': : 
separate excitation during the sr7rrina ^ 

energizing the excl ta 1 1 o n 'and Ign u i o„ f 1 /eTts""; °' 
rectifier. ignicion circuits of a power 

or for shoft^circ^^'"f„'/;,;VHV7i4V. °' ' 
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be. ring temperatures. "^^'^ un-..on8 on excessive 

FIELD REDUCING CONTACTOR i <= .. , .. 

the field circuit of a machine k resistance In 

excitation. -nachlne or otherwise reduces its field 

L^^'?neTlt\d^^u.r°::t."'^^' ^ ^ ^^ven value of 
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FIELD CIRCUIT BREAKtR, CONTACTOR, or SWITCH is a device which 
functions to apply, and/or remove, the machine field 
excitation. 



42 RUNNING CIRCUIT BREAKER, CONTACTOR, or SWITCH is ^ device 
whose principal function is to connect a machine to its 
source of running voltage. 

43 TRANSFER DEVICE is a manually-operated device which transfers 
the control circuits to modify the plan of operation of the 
switching equipment or of some of the devices. 

44 UNIT SEQUENCE STARTING CONTACTOR or RELAY is one which 
functions to start the next available unit in a multiple-unit 
equipment on failure of nonavailability of normal preceding 
unit. 

45 DC OVERVOLTAGE RELAY is one which functions on a given value 
of dc circuit overvoltage. 

46 REVERSE-PHASE, PHASE-BALANCE CURRENT, or POWER RECTIFIER 
MISFIRE RELAY is one which functions on polyphase current of 
reverse-phase sequence, or on polyphase current unbalance, or 
on failure of one or more of the power rectifier anodes to 
fire. 

47 SINGLE- or REVERSE-PHASE VOLTAGE RELAY is one which functions 
upon a given value of polyphase voltage of the desir^id phise 
sequence. 

48 INCOMPLETE SEQUENCE RELAY is one which returns the equipment 
to the normal, or off, position and locks it out if the 
normal starting, or operating, or striping sequence is not 
properly completed within a predetermined time. 

49 AC THERMAL RELAY or DEVICE is one which functions when the 
temperature of the ac machine or apparatus exceeds a given 
value . 

bO SHORT-CIRCUIT SELECTIVE RELAY or DEVICE is one which 
functions instantaneously on an excessive value of current, 
or on an excessive rate of current rise, indicating a fault 
in the apparawUS or circuit being protected. 

51 AC OVERCURRENT RELAY is one which functions when the current 
in an ac circuit exceeds a given value. 

52 AC CIRCUIT BREAKER or CONTACTOR is one whose principal 
function is usually to interrupt short-circuit or fault 
cur ren > a • 

53 EXCITER or GENERATOR RELAY is one which forces nhe building 
up of the dc machine field during starting and/or functions 
when the machine voltage has built up to a given value. 

ERIC ^'^'^ 



54 HIGH-SPEED CIRCUIT BREAKER is a cJ'.,uit breaker which starts 
to reduce the current in the main circuit in 0.01 second or 
less, after the occurrence of the dc over cur rent or the 
excessive rate of current rise. 

55 POWER-FACTOR RELAY is one which operates on a given power 
factor in an ac circuit. 

56 FIELD APPLICATION RELAY or DEVICE is used to control 
automatically the application of ac motor field excitation at 
some pr etermined point in the slip cycle. 

57 (Reserved for future application.) 

58 (Reserved for future application.) 
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AC OVERVOLTAGE RELAY is one that functions on a given value 
of ac overvoltage, 

VOLTAGE BALANCE RELAY is one which operates on a difference 
In voltage between two circuits. 



61 CURRENT BALANCE RELAY is one which operates on difference in 
current input or output of two circuits. 

62 TIME-DELAY STOPPING or OPENING RELAY is one which serves in 
conjunction with the device which initiates the shutdown, or 
stopping, or opening indication in an automatic sequence. 

FLLxD PRESSURE, LEVEL, or FLOW RELAY is one which operates on 
a given value of fluid or gas pressure, or flow, or fluid 
le ve 1 • 



64 GROUND PROTECTIVE RELAY is one which functions on failure of 
the insulation of a machine, transformer, or other apparatus, 
to ground, or on flashover of a dc machine to ground. This 
function Is not applied to devices 51N and 67N connected In 
the residual or secondary neutral circuit of current 
transformers . 



GOVERNOR is the equipment which controls the gate or valve 
opening of a prime mover. 



66 NOTCHING RELAY is one which functions to allow only a 
specified mber of operations of a given device, or 
equipment, or a specified number of successive oper.ULons 
within a given time of each other. It is p.l<io used to allow 
periodic energizing of a circuit. 

67 AC POWER DIRECTIONAL or AC DIRECTIONAL OVERCURRENT RELAY is 
one which functions on a desired value of overcurrent with ac 
power flow in a given direction. 
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DC THERMAL RELAY or DEVICE is one which functions when Che 
temperature of the dc machine or apparatus exceeds a given 
va lue • 



69 PERMISSIVE CONTROL DEVICE is generally a two-position, 
manually-operated switch which permits the closing of a 
circuit breaker, or the placing of an equipment lato 
operation in one position, and in the other position prevents 
operating the circuit breaker or the equipment. 

70 ELECTRICALLY-OPERATED RHEOSTAT is one used to vary the 
resistance of a circuit in response to some means of 
electrical control. 

71 DC LINE EMERGENCY CIRCUIT BREAKER or CONTACTOR is one used to 
interrupt a dc power circuit under emergency conditions, such 
as overspeed. 

72 DC LINE CIRCUIT BREAKER or CONTACTOR is one used to close and 
interrupt a dc power circuit under normal conditions and/or 
to interrupt this circuit under emergency conditions. 

73 LOAD RESISTOR CIRCUIT BREAKER or CONTACTOR is one used to 
shunt or insert a step of load limiting, shifting, or 
indicating resistance In a power circuit, or to switch a 
space heater In circuit. 

74 ALARM RELAY Is one other than an annuaclator, as covered 
under device number 30, which Is used to operate, or to 
operate In connection with, a visual or audible alarm. 

75 POSITION CHANGING MECHANISM Is used for moving a removable 
circuit breaker unit to and from the connected, disconnected, 
and test positions. 

76 DC OVERCURRENT RELAY Is one which functions when the current 
In a dc circuit exceeds a given value. 

77 IMPULSE TRANSMITTER Is used to generate and transmit Impulses 
over a telemetering or pilot-wire circuit to the remote 
Indicating or receiving device. 

78 PHASE-ANGLE MEASURING RELAY Is one which functions at a 
predetermined phase angle between voltages or currents, or 
between voltage and current. 

79 AC RECLOSING RELAY Is one which controls the recloslng and 
locking out of an ac circuit Interrupter. 

80 DC UNDERVOLTAGE RELAY or DEVICE Is one which functions on a 
given value of dc undervoltage . 

81 FREQUENCY DEVICE Is one which functions on a given value of 
frequency: either under, over, or normal. 
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82 DC RECLOSING RELAY is one which controls the closing and 
reclosing of a dc circuit interrupter, generally in response 
to load circuit conditions^ 

83 SELECTIVE CONTROL, or TRANSFER, CONTACTOR or RELAY is one 
which operates to select automatically between certain 
sources or conditions in an equipment, or performs 
automatically a transfer operation. 

84 OPERATING MECHANISM is the complete electrical mechanism, 
including the operating motor, position switches, etc., for a 
tap changer, induction regulator or similar apparatus. 

85 CARRIER or PILOT-WIRE RECEIVER RELAY is one which is operated 
or restrained by a blocking signal used in connection with 
carrier current or dc pilot-wire fault directional relaying. 

86 LOCKING-OUT RELAY or DEVICE is an electrically operated hand 
or electrically reset relay or device which functions to shut 
down and hold an equipment out of service on the occurrence 
of abnormal conditions. 

87 DIFFERENTIAL CURRENT RELAY is a fault-detecting relay which 
functions on a differential current of a given percentage or 
amoun t . 

88 AUXILIARY MOTOR or MOTOR GENERATOR is one used for operating 
auxiliary equipment such as pumps, blowers, exciters, etc. 

89 LINE SWITCH is one used as a disconnecting or isolating 
switch in an ac or dc power circuit, when this device is 
electrically operated or has electrical accessories, such as 
auxiliary switches, magnetic lock, etc. 

90 REGULATING DEVICE is one which functions to regulate a 
quantity such as voltage, current, power, etc., at a certain 
value or between certain limits. 

91 DC VOLTAGE DIRECTIONAL RELAY is one which operates when the 
dc voltage across an open circuit breaker or contactor 
exceeds a gi /en value in a given directioa. 

92 DC VOLTAGE and ':URRENT DIRECTIONAL RELAY is one which 
operates in one manner when the dc voltage across an open 
breaker or contactor exceeds a given value In a given 
direction, and operates in the opposite aianner when the 
current in the circuit, after the circuit breaker or 
contactor is closed, exceeds a given value in the opposite 
direction. 

93 FIELD-CHANGING CONTACTOR or RELAY is one which functions to 
change the value of excitation on a machine. 
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94 TRIPPING or TRIP-FREE RELAY cr CONTACTOR Is one which 
functions to trip a circuit breaker, contactor, or equipment, 
or to prevent immediate reclosure of a circuit interrupter, 
In case it opens on overload, even though the original 
closing circuit is maintained. 

95 (Reserved for special application.) 

96 (Reserved for special application.) 

(Reserved for special application.) 

(Reserved for special application.) 

(Reserved for special application.) 

The above numbers are used to designate device functions on all 
types of manual and automatic switchgear. 
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Lesson 1-1-1 



THE ELECTRON THEORY SIMPLIFIED 



Check-up: (1-1-1) 

1. What is an electron? Proton? Neutron? Nucleus? Atom? Molecule? 
Electron is the vein/ small negatively charged particle which circles the 
nucleus. All electrons are alike. The proton is stuck doun in the 
nucleus of the atom and has a positive charge. The neutron is neutrally 
charged and is also located in the nucleus. The nucleus is the center 
portion of the atom. The atom is the smallest particle that can he 
divided and still retain moUcules comHning two or more atoms. 

2. How do "bound" electrons differ from "free" electrons? 

Bound electrons are in the inner orbits of the atom and cannot be easily 
forced out of their orbits. 

3. Why is the electron theory Important to you with regard to your future 
work in the electrical field? 

According to the electron theory all matter is made up of atoms. 

The electron theory ia the basis of the entire study of electricity and 

has led to many important discoveries in electronics, physics and atomic 

physics. 

4. Basically, all matter is what, according to the electron theory? 

Matter is composed of atoms. 

5. Scientific fact proved beyond doubt is knowr as a "law." Is the electron 
theory a law? 

No. 

6. According to the electron theory, what is an electrir current? 

The movement of free electrons. 
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?• In what way does a carbon atom differ from a hydrogen atom? 

Hydrogen has only one electron revolving around its nucleus while carbon 
atom has six such electrons. Essentially^ the difference between atoms 
of different elements is the nurriber of electrons in orbit. 

8. Approximately how many different kinds of atoms exist? 

There are more than 96 natural elements or 96 vlus different atoms and 
a number of man made materials. 

9. What is a compound? 

Compounds are substances produced by combinations of two or more different 
elements and have characteristics that are completely different from the 
elements that form them. 

10* In an atom, what relationship exists between positive charges, \Thlch are 
called "protons," and negative charges , which are called "electrons"? 

The negative charges equal the positive charges. 
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Check-up: (1-1-2) 

1. What are some of the practical applications of the photoelectric cell? 
Light meters, ccutomatic door openers, sun switches. 

2. Describe the basic wet cell. In what direction does the electrolyte 
carry the current inside the cell? 

Lead and lead peroxide plates - ^2^^ 4 ^^^<^'^^olyte. 
From the -h terminal to the electrolyte to the - plates. 

3. When two dissimilar metals are riveted or welded together for the purpose 
of converting heat into electricity, what is this called? 

A thermocouple. 

4. Give the most common use of the device in question 3. 

Used as a heat indicating device such as a pyrometer. 

5. When we apply pressure to a crystal of quartz we produce what is called 
piezoelectric electricity. What are some of the common uses for this 
particular type of electricity? 

Crystal microphones, head phones, phonograph pickups. 

6. In your own words, state the law that exists with: (a) unlike char^^es; 
(b) like charges. 

(a) Unlike charges attract each other; (h) like charges repel each other. 

7. When we rub certain materials with certain other materials we produce 
electricity. What is this electricity called? 

Static electricity. 

6. Describe the three methods by which the elecf^ltal charges in question 7 
may be dissipated. 

By connecting a conductor (wire, etc.) from one material to the other; by 
actual contact between the two materials; an arc between the two materials. 
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9. 



Name one natural phenomenon which occurs due to the accumulation of static 
charges. 

Lightning 



10. What is the transfer of a charge from one material to another without 
actual contact called? 

Induction charge 



243 



ERIC 



Lesson 1-1-3 



ARITHMETIC REVIEW 



Check-up: (1-1-3) 

1. Find the sum of 131, 222, 21, and 413. 
* 787 



2. Find the sum of 425, 36, 9, 215, 4, ano 907. 

* 1,596 

3. A pump operated 2 hours and 45 minutes to empty a tank filled with 
transformer oil. The meter reading showed that 4,200 gallons were 
removed during the first hour, 5,420 during the second hour, and 3,600 
during the last 45 minutes. How mant gallons of oil did the tank 
contain originally? 

* 13,220 gallons 

4. Four resistors, 100 ohms, 1,000 ohms, 39 ohms, and 470 ohms are connected 
in series. What is their total resistance? 

* 1,609 resistance 

5. Using U.S. standard, the gage and thickness for sheet steel is as follows: 
No. 00-0.2656 inches; No. 4-0.234375 inches: No. 7-0.1875 inches ; 

No. 13-f0.9375 inches; If one sheet of each of the gages of sheet steel 
were stacked together, find the approximate thickness of the stack. 

* 1.624975 inches 

6. If an electric meter registers 7,968 watt-hours at one reading, and 10,430 
watt-hours at the next reading, how many watt-hours were used by the 
customer? 

* 2,462 Watb-^hours 

7. In the construction of one substation it was found that out of a stock of 
1,037 pounds of conduit fittings there remained a quantity of 359 lbs. 
How many lbs» vere used? 

* 678 lbs. 

8. What is the total weight of copper in 649 transformers, if the amount of 
copper in each transformer weighs 37 lbs. 

* 24,0131bs. 

9. A tank has a capacity of 5,130 gallons. How mant hours will it take to 
fill if oil is pumped in at the rate of 270 gallons per hour? 

* 19 hours 

10- A 115 KV circuit breaker has a movable contact 7.895 inches long, but 
D.725 inches of the contact has burned away. What lengthremains? 
^ 7. 17 inches 

11. Nina equal distances of 4.75 inches are marked off a piece of heavy 
copper bus. What is the total distance marked off^ 

* 42.75 inches 

12. A piece of brass tubing 24.375 inches ]ongis divided into equal parts 
measuring 1.625 inche in length. How many parts are there? 

O * 15 
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13. A technician measured seven different resistors with its ohmeter as 
follows: 471 chms, 500 ohms, 490 ohms, 452 ohms, 460 ohms, 420 ohms, 
and 485 ohms. What was the average balue of the seven reisistors'^ 

* 468.285 

14. A steel beam expands O.Gl percent of its length when exposed to the sun. 
Find the increase in the length of a beam 25 feet 8 inches ong. 

* .0308 (.0001 X 308" = .0308) 

15. Gage sheet copper #25 is 0.179 inch thick and wieghs 0.811 pounds per 
square foot. Find the thickness of a pile of 48 such sheets. 

* 8.592 inches 

16. From problem 15, find the weight of this number of sheets if each sheet 
has 6.25 square feet. 

* 243.3 lbs, 

17. A brass rod was cut into 5 pieces of lengths; 4 1/4, 3 5/8, 6 1/2, 7 9/16, 
and 2 3/4 inches, .respectively . How long was the rod if 1 1/16 inch was 
wasted? 

* 25 3/4 inches 

18. Find the difference between a pipe nipple 3 1/8 long and one 2 3/4 
inches long. ^ 

* 3/8 ihch 

19. What is the product when you multiply 2/3 by 5/7 ? 
^! 110/21 

20. In the blueprint of a substation control house, 1/4 inch in the print 
represents 1 foot in the actual house. Find the dimensions of the 
battery room that measures 2 1/2 by 4 1/8 inches. 

* 10 ft. X 16 1/2 ft. 
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Lesson 1-1-4 

CURRENT FLOW— WHAT IS IT? 



Check-up: (1-1-4) 

1. What li current flow? 

The movement of free electrone in the same di' eation along a conducting 
path. 

1. What idakes an atom release Its **free'* electrons? 
The attraction .v' ^ positive charge. 

3, According to the electron theory, in ::hlch direction does the current 
move: (a) external to a hat eery, (b) internally? 

(a) From negative to positive battery terminate ^ (b) From the positive 
to ,n.3 negative terminals. 

A. Describe the action of "free** electrons in a wire when current starts to 
f low. 

Free electrons start to move throughout the wire at the same time. 

5. Are any of the **free** electrons lost as a result of current flow? 
No. 

6. What is the instrument used to measure current flow called? 
An armeter. 

7. If we are passing a current at the rate of 1 coulomb per second: (a) I^at 
practical unit is used to measure the current that is flowing? (b) What 
does an instrument used to meaiiure current actually measure according to 
the electron theory? 

(a) A^ere; (b) It is ,neasuring in amperes the nunher of electrons 
that are passing per second. 
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How many amperes (a) In 1 rallllampere; (b) In 1 nicroarapere; (c) in 50 
microamperes; and (d) In 40 mllllamperes? 

(a) .001 ampere; (b) .000001 or 1 x 10^^ ampere; (c) .OOOCSO or o x 10 
ampere (d) 0.040 ampere 

Describe what is meant by "potential difference," "voltage," and "emf." 
The force betueen tuo unequal ohargea. The difference of potential 
between theae tvo ohargea providea the electro^motive force (emf.) 
"Preaaure^ or voltage. 

What is the practical unit of electric potential? How many In 1 KV? 

The volt, 1 kv " 1^000 volta. 
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Lesson 1-1-5 



USING FORMULA FOR PROBLEM SOLVING 



Check-up: (1-1-5) 

1. A tool box measures 2 feet 3 Inches long» 18 Inches vide and Is 1 foot deep. 
What Is the volume? 

5,822 cubic inches or Z.Z7S cubic feet. ' 

2. is the volume of a cylindrical oil tank 3 feet in diameter and 6 feet 
6 inches high? 



3. If 1 gallon « 231 cubic inches, what is the capacity of the above tank in 
gallons? 

34 ''.6 99 gallons 

4. How many cirbic feet of cement are required for a retaininr, wall that is 
20 feet long, 8 feet high and 2 feet thick? 

220 cubic feet, 11.85 yards 

5. A forged steel shaft for a generator is 18 inches in diameter and 10 feet 
long. If forged steel weighs 0.283 pounds per cubic inch what is the 
weight of the shaft? 

20,526.25 cubic inch; weighs 8,641^79 Ibs^ 

6. What is the distance across the comers of a square nut that is 2 3/8 in. 
on a side? 

distance « 2.25875 inches 

7. An 8 foot high, chain link fence is to be installed around the perimeter of 

a distribution substation. The area to be enclosed measures 180 ft, x 125 ft. 
How many square feet of fencing will be required? 
4,880 square feet 




45.9459 cubic feet or 79,294.5 cubic inches 
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A mar; • 8 height is 17A cm. What Is his height In feet and Inches? 
5 ' - 5 1/2" height 

W.at Is the diameter in Inches of the bore oZ a 75 nm gun? 

2.95275 inch 

A pipe i'8*d as a conduit for electric wires has an Inside measurement of 
2.17 Inches and an outside measurement of 2.39 Inches. How thick Is the 
pipe? 

0.. 10 inches thick 

A flat copper bar to be used behind a switchboard is required to be 
exactly .500 Inch wide. When measured by micrometer callrar the width 
is found to be .A99 inch. How much too small is it? 

1/1000 inch or .001 inch 

In an induction motor the rotating part which is called the rotor is 
surrounded by a stationary part called the stator. In order that the 
rotor may revolve freely the hole in the stator must be somewhat larger 
than the rotor. This leaves what is known as an air-gap between the 
rotor and stator. If the hole in the stator is 2A.375 inch In diameter 
and the diameter of the rotor is 2A inches, what is the width of the air 
gap? 

0.1875 inch air gap 

A microwave antenna tower is held in position by three guy wires that 
reach the ground A9 ft. from the foot of the tower. Find the length 
of the guy wirqjif they are fastened to the tower 70 fr. from the 
ground . 
85.445889 ft. 

A circuit breaker that le equipped with a pneumatic operator, alr- 
coraprossor and control system has a normal operating pressure of 225 p.s.i. 
For closing the breaker, air is admitted to the mechanism cycllnder by an 
electrically operated control valve. If the closing piston had a 3 inch 
diameter, what force would be exerted to close the circuit breaker? 
1,590.44 Ibe. 
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Lesson 1-1-6 



MAGNETIC FIELDS 



Check-up: (1-1-6) 



1. Remembering that the left-hand rule is based on the electron theory that 
current flow is from the negative to the positive terminals, state the 
left-hand rule for: 



a. A conductor carrying current— grasp with the left hand, thumb 
pointing in the direction of electron flow, the fingers when wrapped 
aroimd the conductor will point in the direction of the magnetic 
lines of force. 

b. A coll of wire carrying currenr-t/ the fingers of the l^ft hand are 
wrapped around a coil in the direction of current flow^ the thumb 
will point toward the north rjle. 

2. If you suspend a coll of wire by a thread so that It can move freely, what 
happens when you pass a current through It? What does this prove? 

The coil will assume a north south position. TJds proves that a coil carry- 
ing current through it exibits the propertys of a magnet. 

3. In what two ways can you Increase the strength of magnetism In a coll carry- 
ing current? 

Increase the number of turns or increase the strength of the current. 



4. In what way can you further increase the flux density and therefore increase 
the n^gnetism of the coil? Why is this so? 

By inserting an iron core in the coil. Because the iron core offers much 
less reluctance to lines of force then does air. 
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5. What do you use to determine the direction cf a magnetic field around a 
current-carrying conductor and how can you verify the results? 

Use a compass needle. Verify results by applying the left-hand ru^c. Thn 
north seeking pole of a compass is really a south pole on the needle. 

12 
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6. How can you show the pattern of the lines of force around a permanent magnet 
or around a coll of wire carrying current? 

By using iron filings. 

7. How can you verify the assunptlon that the magnetic lines of force 
travel from a north pole to a south pole? 

By using a compass needle. 

8. What sort of a pattern of magnetic rleld exists around a stralKht conductor 
carrying current? 

Concentric circles. 

9. A horseshoe magnet consists of a horseshoe-shaped piece of Iron with a 
coll of wire wound around each end. The colls are woun^ In the same direc- 
tion. What will happen If the direction of one of these colls Is reversed 
and current Is passed through the colls? 

The fiehis will tend to cancel each other and you may not have a magnet 
field at all. 
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10. Do lines of force ever cross or unite with each other? 
They do not cross, but they seem to unite or croud together. 

11. Where Is the magnetism of a magnet concentrated? 

In the poles or at the ends of the magnet* 

11. Why Is It Important to handle watt*->hour meters carefully? 

They are not only a delicate instrument, hut a sharp bloD marj weaken the 
permanent magnet. 

13« State the law that applies to like and unlike poles of a magnet. 

Like poles repel each other; unlike poles attract each other. 

14. Why do lines of force travel easier through Iron than through air? 
Because air has a greater reluctance than iron. 

15. How do we shield an Instrument from the flux lines of a magnetic field? 

By enclosing the instrument in a soft iron shield (box or similar container), 

13 
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16. 



What polarity does a piece of iron assume when placed in a naRnetic field? 
The polarity ia always north to acuth. The north pole is assume.! to point 
in the direction that the lines of force are tmveLing. 



17. When a piece of magnetic material has all of the lines of force that it 
will hold, what do we say about it? 

The piece of iron ia aaid to be aaturated. 

18. Is there any material that magnetic lines of force will not pass through? 
No, Magnetic linea of force will paaa through any mat jrial known, 

19. What is a solenoid coil? 

A helically wound coil that ia made to produce a atrong magnetic field is 
called a solenoid. 



. What is the difference between a fuse and a magnetic circuit breaker? 

The circuit breaker is used to protect circuits against short circuits 
or overload just like a fuse, A fuse bums open and can not he reused, 
a circuit breaker will trip, but can be reset and used again. 
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Lesson 1-1-7 



WHAT CAUSES CURRENT FLOW 



Check-up: (1-1-7) 

1. Of the six different sources of electricity, which ones are used most 
frequently to supply voltage for the use of electric power? 

Chemioal action and magnetiam. 

2. What are the three basic elements of an electrical circuit? 

A power BOUToe, cormeoting wires or oonductora and some device that uses 
the energy called a load (voltage— resistor— aurrent. ) 

3. State the conditions necessary to have current flow in a circuit. 

A complete circuit. A voltage source^ conductors providing a complete 
path for current to flow. 

A. Can voltaRC exist without a complete electrical circuit? 
Yes 

5. What effect does voltage have in controlling current in a circuit? 

The polarity of the voltage source determines in which direction current 
flows in a circuit and the amount of voltage supplied determines how much 
current will flow. For a fixed amount of resistance—a higher voltage 
will cause more current to flow or lower voltage, less current. 
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Check-up: (1-1-8) 



1. Does every substance possess resistance to the flov; of electric current? 
Yea 

2. Would you use glass as & conductor of electricity? State the reason for 
your answer • 

/to. Glass has too much resistance and is considered an insulatinr^ 
substance » 



3. A copper conductor havlnj> a diameter of 128,5 mils has a resistance of 
0.64505 ohms per 1,000 feet. What resistance would It have If it had a 
diameter of 460 mils? 

2 

^2 rr ^ 0.64505(128.5)^ 

(460)^ 

=r O.OSOiSL/lOOO feet 

4. What are materials having a very low resistance called? IJhat In the name 
given materials havln;; a very high resistance? 

Materials having loo resistance are called conductors^ hinh resistmce are 
called insulators. 



5. No. 18 copper magnet wire has a resistance of 34.3728 ohms per mile, ^^at 
Is the resistance of 1,000 fe-^t of this wire? 

^2 = ^1^2 = 34.3728 (1000) 
Lj 5280 

« 6.510^/1000 feet 

6. The resistance of a copper wire, at zero degrees centigrade, is 12.5 ohms. 
What will the resistance of this wire be at 45 degrees centigrade? 

14.90 UL. 



7. The resistance of a copper wire, at 20 degrees centigrade, is 6 ohms. I^hat 
will the resistance of is wire be at 30 degre;f!S centigrade 
6.2358 UTL^ 
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8. Silver has a resistivity of 1.628 mlcrohn-cm. Is it a better or pooror 
conductor of electricity than copper? Wl\y? 

Better^'^Silver has leas reeistanoe. 

9. Porcelain has a very high resistivity at ordinary temperaturea. Will 
this material make a good Insulator? 

Yes, porcelain makes a good insula-cor. 

10. Iron has a resistivity of 9.96 x 10 ^ ohm-cm. Will iron make an Rood a 
conductor of electricity as aluminum? Please give the reason for your 
answer. 

No. The resistivity of alwrrinwn is only 2.828 x 10 ohm^cm. 

11. How do you tell the values of resistors? 

By maaurement; by printed label; by color code. 

12. \^at is an ohm? 

The unit of measurement of resistance. 1 ohm irill allow 1 amp to floi) when 
1 volt is applied across it. 

13. ! . terms of ohms, how much resistance is one megohm? One microhm? One 
kilohn? One milliohm? 

1 megohm = 1,000 or 1,000,000 1 microhm = 1 x lO'lC^ or 0.000001 

-3 

1 kilohm = 1,000 1 milliohm = 0.001 SL or 1 x 10 

lA. What is a rheostat? A potentiometer? 

A rheostat is a two terminal variable resistor uned to control current. 
A potentiometer in a three terminal variable resistor used to control 
current also, but provides a voltage divider function. 

15. What is meant by the tolerance of a resistor? 

Resistors nay deviate a given percent from their* assigned value. 
The tolerance is the % by which the resistor deviates. 
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Lesson 1-1-0 
ALGEBRA REVIEW 



Check-up: (1-1-9) 

Addition: Find the sum of : 

1. 37. -67, 96, 105, -3 - ? 168 2. -2ab - ? J -2ah +h^' 

3. 3x -5y -8 A. 6x -7a, Aa, Ax -HOa +17 - ? 

3x -f-Sy -8 lOx +7c. +17 

6x -16 

5. 3x +y, 7x -2y, 5x +Ay - ? 6. -3ax, lAax, -25ax, 19b, 16ax - ? 

15x +3y 2ax +19h 



Subtraction: 



7. From 6xy -13h take lOxy -Ak- ~4xy -13h -Hk 

2 2 2 2 

8. From a +2ab +b take a -2ab +b - 4ab 

2 2 2 2 2 7 

9. From the sum of 3a -2ab +b and Aa -Sab -b take Aa -Sab -7b 

3a^ ~2ah +?b^ 

10. From 8x^ -lOy^ +llz^ -12xyz take -13x^ +lAy^ -ISz^ - 



Solution: Change the sign and add 
8x^ -lOy^ +llz^ -12xyz 



(-)13x^ (+)14y^ (-)15 z' 
21x^ .24y^ +26z^ -12xyz 



25G 



ERIC 



Multiply ; ] 

11. (x-*) (x*) - ? X 12. (a ) (a"*) (V) - ? -a 

13. (3a^) (4b) - ? 12ah 14. (4x +72) (6R) - ? 24a;;? 

15. (75x^ -21ab* -3x^) (2a^bV) - ? I^a^fc^x'' -42aVx'^ ^Bah^x^ 

16. (A +1)^ » t t? +2A +1 17. (X ««) (X +7) - ? -t-lSX +42 
18. 2a +5b - (a 44b) - ? a -f 19. lOy -10 -(-3y +4) - ? I3y 

20. a - [b - (a 4^ - ? 2a -b H 21. m - (3in -2 4t)) -m -1 +p - ? -3m 

22. X -2y +3z -(2x -3y Hz) - (-3x +z) - ? 2;ir -fj/ -23 

23. 17 - [2 + (3 - ? 19 

24. 2X - [3X - (X-Y) -V] - ? 0 

25. 19 -3 - [4 - (-6 +1(|) - ? 25 

Divide ; 

26. 12X"^ y by 6Xy ' 2X^ 27. -ISab"' by 6ab^ - .3b 

28. 16a\^ - ? -4a^2)^ 29. x^ ■t-7x + 12 - ? x +4 

-Aab^ « + 3 ■ 

2 

30. X +9x +1 4 - ? X +2 
X + 7 
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Lesson 1-1-10 



EQUATIONS 



Check-up: (1-1-iO) 



Solve for the value of x in the following equations. 



1. 5x -8 - 2x +7 

X = 5 



2. 8x +3 » 3x +13 

X = 2 



3. 4x +3 [2x -4 (x-2)] - 72 -6x 4. 6x +8 -23x - 16x -3 

~ = ^2 X = 11/33 or 1/3 or 0, 333 



5. 7 (2x -6) -8 - lOx +10 

X = J5 



6. 2x -3 - 3x -7 

X = 4 



7. 4x -10 - 2x +2 

X = 6 



8. 300x -250 - 50x +750 
X = 4 



9. 2.5x +0.5 - 1.5x +1.5 

X = 1 



10. 4(4x -6) +2(2x -3) - 5(2x -6) -10 
X = -i (minus one) 



Solve for the unknown. 



11. 16 - (2y -3) - 2y +3 

y = 4 



12. 10-(E -2) -E - -27 +(E+3) 

E = 12 



If F stands for number of degrees Fahrenheit scale and C :or the number of 
degrees centi'^rade: 

C - 5^ (F -32) And F - 9 C +32 
9 5 



13. 176-F - ? in C 
C = 80.0° 



14. 24'c - ? in F 
75.2° F 



IS. 55* C - ? F 

UlT 
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Lesson l-l^*!! 

PROBLEMS INVOLVING RESISTANCE AND WIRE SIZES 

Check-up: (l-l-Il) 

!• In wire measure, (a) what is a mil? (b) what is a circular mil? 
(c) what is a milfoot? 

(a) A mil ia 1/1000 inch (b) A oircular mil ia a measure w^f area (cross 
oeotton of a round wire) that ia 1/1000 inch in diameter; an = d (when 
the diameter ia in mil) (a) A milfoot ia a wire 1/1000 inch in diameter 
and one foot long. 

2. Uhat is the circular rail area of a wire 0,289 inch in diameter? 

9 

cm » (2B9) » 83^521 circular mil 

3. \1hat is the diameter of a wire containing; 1,02A circular mils? 
d =fm d 32 mil or 0.032 inch 

A. ^That is the diameter of a wire containing 83,690 circular rails? 
d « ^awr 0.289 inch 

5. ^That area in circular mils will a circle having an area of 2.65 square 
inch have? 

3,375,672 

6. A rectangular bus bar 1/4 inch thick by A inches wide would h»ve how 
many circular mil? 

cm. ^ aq. mil « 1,000, 000 » 1^273^237 cm. 
0.7854 0.7854 

7. What is the resihtance of 10 rail* of copper wire 1/2 inch in diameter? 
cm. = « (500)^ « 250,000 cm. 2.197^jru 
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8. 



^^hat 8iz« vlre (R & S) will have a resistance of practically one ohm per 
1,000 feet? 

10 wire cage 



9. Iftiat wire, American guage^ehould be used to transmit elect rir power ^ milea 
(2 miles out and 2 miles back); resistance should not exceed 1.1 ohms, 
temperature at twenty degrees c,? 

Vire gage HI has .126^^/1000 ft. (from table) 

10. How many miles of No. 00 wire will it take to make 8 ohms^ 
No. 00 hoe .0795^/1,000 ft. 19.059 milea 

11. tfliat is the resistance of 500 ft. of No. 14 copper wire at 25 degrees 
centigrade? 



12. What size wire will have v resistance of practically one ohm per 1,000 feet? 

No. 10 wire gage B & S 



13. A relay has a coil that m^ASures 150 ohms resistance. The coil has 750 
turns of about 6 inches in average length. What size wire is the coil 
wound with? 
No. 3^ wire gage 

lA. li?hat size will an aluminum vire be which has the sane resistance as a 
No. 4 copper wire? 

Hint: R « K X L Where K is the ohms resistance of one 



the length of the wire in feet, and C.M. 
is the area of the wire. 
Note: The ohm/mil-ft of aluminum is 
- 17 

No. 2 wire gage or 6?,T.)Z a.m. 

15. Find the resistance of 1,000 ft. of No. 4 aluminum wire* 
0.407 



1.29S\^ 



C.M. 



mil-foot of the kind of wire used, L is 
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16. No. 8 copper wire has a resistance of 0.641 ohm per 1,000 ft. What is 
the resistance of two miles of this wire? 
'J. 76 



17. A square conductor thar- is 0.50 inch on a side has a resistance of 0,004 
ohra. Another square conductor that is 0.25 inch on a side is of the same 
TTvaterial and the same length. What is the resistance of the second 
conJuctor? 



18. The resistance of a power line wire constructed from No. 0000 aluminum was 
measured and found to be 0.96 ohms. If No. 0000 aluminum has a resistance 
of 0.0804 ohm/1,000 ft., find the length of the wire. 

R A 

J_ 22,940 ft. long or 2.26 miles 



19. :^o. J copper wire, which has a diameter of 0.258 in., has a resistaace of 
0.840 ohm/mile. I^hat is the resistance of 800 ft. of No. 6 wire, which 
has a diameter of 0.162 inch? 



20. It is desired to install a conductor to carry 40 amperes. What size 
copper wire should be used? 

Uo. 8 wire gage 

Instructor's Note; Emphasize that cm. is h measure of cross sectional 
area the same sort of thing as a square foot or an acre of land, etc. 
Note that a circle which represents the end of .012" in diameter would 
contain 4 cir mil cr 4 times as much area as a circle .001" in diameter. 
Square Mil « cm. x 0.7854 
Cir Mil « Square Mil 
0.7854 




For aluminum conductors the allowable current-carrying, capacities shall 
be taker, aa 84% of those given in the table for the respective sizes of 
copper conductors with the same kind of insulation. 
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Lesson 1-1-12 



PROBLEMS INVOLVING RESISTANCE AITD TEflPEPATURE 



Check-up: (1-1-12) 

1. The fleld-tnagnet winding of a 230 volt d-c generator has a resistance of 
34.0 ohms at 20 degrees c« Find the resistance of the winding ^ which is 
copper, when the temperature rises to 55 degrees c. 

38.68''c 

2. The resistance of the secondary of a transfomer was 2.50 ohm at 

20 degrees c. After the transformer had operated under full load for 

6 hours, the resistance of the secondary was measured and found to be 2.99 

ohm. What was the final operating temperature? 

3« The resistance of a copper wire is 6.4 ohm at 10 degrees c. What is it 
at 75 degrees c? 

4. The cold (20 degrees c.) resistance of an armcture was 3.64 ohm. The 
hot resistance was 4.86 ohm. What was the temperature rise? 

= ICS. 2^ temperature or a r^Ue of 8S.2^c. 

5. How does the increase of temperature aflect the resistance of all pure 
netals? 

Increase in temperature - inorease in resistance. 

6. What is the length of a 250 JK. coil of No. 12 wire? 

12,626 feet 

7. What is the temperature coefficient of resistance? 

The amount that the resistance is affected* Each degree of temperature 
change is called the temperature coefficient, '^he resistances of all 
naterials change at a nearly uniform rate for a specific material. 
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8. The primary colls of a transformer havtriR a resistance of 5.48 ohm at 
30 degrees c. After a run of 4 hours, the resistance has risen to 6.32 
ohms. What la the temperature rise of the coll? 

^2 ~ or a temperature rise of 40,S °c, 

9. certain substances, notably carbbn. porcelain, glass, certain semi -con due tors 
such as germanium and metal oxides, decrease In resistance very rapidly when 
heated. Their temperature coefficient Is said to be what? (positive or 
negative) 

Negative 



. Alloys with zero temperature coefficients can be compounded. That is, the 
resistance of conductors composed of these alloys remain practically con- 
stant at all ordinary temperatures. Their temperature coefficients are 
0.0. Judging from what you have learned from this lesson, do you think 
such an alloy would make a good remote temperature detector? 
IJo 



J 
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STUDY HELP QUESTIONS 



1. The old fashioned string of Christmas tree lights would fall to burn If 
any one of the bulbs were faulty- l^y Is this so? 

Because the lightbulbs are oonnected in a aeries string and the failure 
of one bulb opens the string and interrupts the flou) of electrons. 

2. Can you explain why the resistance of a series circuit Is equal to the 
sum of the Individual reals t«inces? 

The resistance of any given price of wire has a fixed value of resistance 
per foot* '^o feet connected end to end would increase the total resiatance 
of the additional foot. Therefore, resistors connected end to end^ in series 
add and the sum of the individual resistors equals the total. 

3. What Is a "short" circuit? What are some of the commcn causes? 

A short circuit means that wires from the voltage source are contacting 
each other, or a conductor is connected rross a load such as a resistor. 
Causes: Poor insulation, equipment failure. 

4. li/hat Is an "ope * circuit? A "closed" circuit? IThat are some of the 
devices and methods used when It Is desirable to open and close circuits? 
Ifliat are some of the causes that open a circuit when It Is not desirable? 

In an open circuit the electrical pathway is broken (open) and current 
can not flow. In a closed circuit there it a path for current to flow. 
A fuse or switch is used to open the circuit. A blown fuse, broken 
conductor. 

5. How Is Ohm's law applied to d-c series circuits? 

I = E R ^ E E « IR 



R 



I 



6. Why Is the current In all parts of a series circuit the same? 

There is but one conducting path for current to flow in a series circuit; 
therefore the same current flaws in all parts of the circuit. 
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7. \1hy 18 the commercial use of series circuits limited? 

The failure of any device (open circuits) interupts the poDp.r to all 
other devices in the circuit. 
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Lesson 1-2-1 



OHM'S LAW AND SERIES CIRCUITS 



Check-up: (1-2-1) 

!• \n\at constitutes an electric circuit? 

An electrical pathuay for current flou), including the conductor and the 
voltage source, 

2. Explain In your own words the difference between an "open" and "closed" 
circuit. 

In cm open circuit the electrical pathway is broken and cuirent cannot 
flow. In a closed circuit the eU'^ytri^al pathway is complete through 
the conductor and current cm flcHJ). 

3. IThat Is the primary function of a cwltch In an electric circuit? 

To open and cU e a circuit or a part of a part of a circuit to permit 
current to floo or prevent current from fZrvincf. 

4. ' State Ohm's Law. What are the three ways this law may be written? 

The current floiHng in a ci-rcuit is directly proportional to the 
applied voltage and inversely proportional to the resistance. 



5. IiThat are the units of the following and define each: 

a. Electromotive force (E) 

b. Current (I) 

c. Resistance (R orJL)? 

a. Volt - the emf required to cause 1 amp to flew throuph 2 ohm. 

b. Ampere - the amount of current that will flow through a resistance 
of 1 ohm when 1 volt emf is applied to it. 

c. OHll • the amount of resistance which wilL allow 1 ampere to flow when 



I = E/R 



E ^ IR 



R = E/I 



1 volt is applied acrcns it. 
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6, \/hat symbols do we use for the following: (a) amperes, (b) volts, (c) 
ohms, (d) potentiometer, (e) wat^ (f) fixed tesistor, (pj rhoestat. 



(a) I (b) E (c) R 0T>^id)^AmK^ (e) P or W (f) 4l5nuu \^ or 



7. Of what does a series circuit consist? 

A circuit in which all resietore or loads are connected end to end or 
in series J so current flauing would flow from one load to the next^ to 
the next, and etc. 

8. Iijfhat is the total resistance, R. , or R. . R., R^, and R. connected in 

1 1 2 3 4 

series? 



9^ How does the voltage divide among the various resistors connected in a 
series circuit? 

The voltage across each resistor is only a part of the total voltage and 
is a function of the value of the resistor and the current flowing 
through the resistor. The sxm of the voltages across each resistor 
always equals the total applied voltage. 

10. In a series circuit what is the value of the current in any part of the 
circuit in terms of the total current? 

The current is the same in any part of a series circuit. The total 
current flows in all parts of the circuit. 



11. \fliat is meant by "voltage drop"? 

{•fhen the voltage moves current through a resistor the force is expended 
(the pressure [EMF] is lowered). This loss of EMF is called ''voltagn 
drop.** It is a difference in potential fron^ one pirt of a circuit to 
another. 



12. What constitutes a "short circuit"? 

A short circuit means that the wires frorr the voltage source arc 
contacting each other^ or a wire connected across resistor^or somewhere 
in the circuit two bare wires are in contact providing another path 
for current to flow. 
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13. How do series power sources affect current? 

f/hen power sources are connected in series with the correct polarity 
theu will provide more voltage. When power sources are connected in 
parallel they will provide more current (amperes or ampere hours). 

14. What are some of the causes of an 'open circuit"? How can you find 
where the circuit Is open? 

[joose connections, burned out resistors or lamp filaments, broken wires, 
poor contacts in a switch, blom fuses - Many other causes could be 
listed. Find the place where the circuit is open by means of a volt- 
meter — an ohmeter, a small buzzer and battery, a test lamp to name a 
few (others could he listed). 
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Lesson 1-2-2 



THE MATHEMATICS OP D-C SERIES CIRCUITS 



Check-up: (1-2-2) 

1. How rouch resistance does a resistor have If 1 ampere flows through it 
when 10 volts are applied across It? Show your work, 

20 ohna 

2. Ifliat amount of current will flow if you apply 100 volts to a 100-ohm 
resistor? 

1 ampeve 

3. A voltmeter across a resistor reads 50 volts and an ammeter In series 
with the resistor reads 1.3 amperes. What Is the value of the resistor? 
33 2/3 ohm 

A. What voltage Is necessary to force 2 amperes through a 20-ohm resistor? 
40 volte 

5. An electric iron draws 5 amperes from a 120-volt line. What is the 
resistance of the iron? 

24 ohna 

6. A current of 1 roilllanpere flows through a 2,000-ohm resistor. IThat is 
the voltage applied to the resistor? 

2 volts 

?• What Is the voltage across a resistance of 1 megohm when 2 mllliamperes 
flow through it? 

2,000 volte 

8. .1 buzzer requires ISO mllllamperes at 1.3 volts to operate it. How much 
resistance does 1^ have? 

10 ohme 
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9. If a 1-rallllanipere maximum-rated milllanmeter having a resistance of 
27 ohms Is connected across a 12-volt battery, how much current will It 
draw? Iffiat will happen to the milllamnieter? 
0.444 ampa, will bum out. 

10. If a 1-ampere maximum-rated ammeter havinn a resistance of 79 mllllohms 
In series Is connected with a load consisting of 12 oums, and a voltage 
of 120 vol ^8 Is applied across the 12-ohm load and the amnecer, what 
will happen to the ammeter? How much current will It draw? 

9.93 amperes - probably damage the meter. 

11. From the dipastrous results obtained In problems 9 and 10, what Is 
your general conclusion regarding the use of aimneters? How should 
they always be connected In a circuit? Should the resistance of the 
load be checiced before applying the ammeter to the circuit? If so, 

why? 

Armetera should always be connected in series with the load to be 
measured^ in order to calculate the approximate current scale to use, 

12. If a voltmeter having a resistance of 1940 ohm Is connected In serlec 
with a load consisting of 60 ohm and requiring 120 volts to operate It, 
what will be the result? 

Voltage across the load of 60 will be 3.6 volts, since the load 
requires 120 volts^ the load will not operate satis facturly . 

13. From the results obtaiaed In problem 12, what are vour conclusions 
about how a voltmeter dhcu' : be connected in a circuit? 
Voltmeters should he conr^cted in parallel with the load. 

14. Given three resistors of 2 ohms, 5 ohms, and 10 ohms, respectively, 
connected In series, what Is the total resistance of this combination? 
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Eight lamps, 30 ohra each, are connected In aeries and 120 volts is applied 
to this series circuit, (a) What current flows through each lamp? (b) \^at 
voltage would appear across each lamp? 
(a) 1/2 amp (b) IS volte 

Two wires lead from a pole to a house. The resistance of each wire is 
0.35 ohm. When the current is 50 amp and the voltage between wires at 
the pole is 124 volts (a) How nmch voltage drop is there in the line (both 
wires combined?) (b) What is the voltage between the wires at the house? 
(a) 25.0 volte (b) 89 volte 

If the current is only 10 amp in the same line described in question 16; 
(a) How much voltage drop in the line? (b) What is the voltage between 
the wires at the house? 

(a) 7 volt (b) 127 volte 

A 10 ohm resistor is connected in series with another resistor of (unknown 
resistance) to a 120 volt source. The voltage measured across the 10 ohm 
resistor is 48 volts, (a) How much current flows in each resistor? 

(b) Find the resistance of the second resistor? 

(a) 4.8 amps (b) 15 ohme 

A switch board lamp requirjs 400 ma to make it glow. The hot resistance 
Is 312 ohms. What pressure is required? 
124.8 volte 

An electromagnet has a resistance of 65 ohms. It will lift a certain load 
of iron when the current through it is 5 amp, but will not drop the load 
until the current is reduced to 3.5 a.ip. What voltage is required; (a) to 
lift, and (b) to releese the load? 

(a) 325 volte (b) 2275 volte 
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STUDY HELP QUESTIONS 



1. How does a parallel circuit differ fron a series circuit? 

A parallel Hvcxdt has move than one path through which current can flao. 

2. In a parallel circuit why is the voltage rating the same when applied 
to each resistance and when connected acr. ss a voltage source? 

The voltage acroaa each parallel leg ia the aam ob the aource because 
each of the lega ia connected to the same voltage aource. 

3. Why does current flow divide unequally in different types of electrical 
equiwaent connected in parallel? 

Current will divide unequally aa the l^ad ia different. The resistance 
determining how much current will pass with the applied voltage. 

A. How do you determine the total resistance of equal resistances connected 
in parallell? 

Reaiotanoc one of the reaiatora 

Number of reaiatora connected in parallel (By dividing) 

5. How do you determine the total resistance when unequal resistances are 
connected in parallel? 

By formula or 1 . i j ^ ' j or R ^ i 

' R,-f-R„ F" ? IT ff" * 1 

2 2 t 12 ^3 1 -f- 1 + 1 



^1 h ^3 



6. Why is a knowledge of algebra so helpful in acquiring an understanding of 
electric circuit problems? 

Most circuit problema can be atated aa a algeraic equation - An under, 
standing of algebra aida in finding the aolution. 
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Lesson 1-2-3 



ELECTRIC POWER— RATE OP DOING WORK 



Check-up: (1-2-3) 

1. Define "power" and give it? symbol. 

The rate of doing work. Either "P" or "W" 

2. \ihat l6 the basic unit of power? What does this unit equal In terms of 
voltage and current? 

The watt equals 1 volt times 1 amp, 

3. Give the two variations of the power formula, using Ohm's Law. 

P » EI i E ^ m P - (IR) (I) or ly? Also Im E P - (E) (E) or i' 

^ R R 

4. Why are appliances^ suc'.i as lamps, irons, soldering irons, and resistors, 
rated in watts? 

Watts indicate the rate at which electrical energy is changed into 
another form of energy » such as light or heat, 

5. If two resistors, one hav g a resistance of 18 ohms and the other having 
a resistance of 7 ohms, are connected In series, and a voltage of 15 volts 
is applied to the circuit: (a) how much power Is being used In each 
resistor; (b) what Is the total wattage being used? 

(a) P 11 ^ 6,48 watts P U " 2,52 watts (b) Total P » 9 watts 

6. The 7-ohni resistor In problem 5 Is a 10-watt unit and the 181). resistor 
is rated at 2 watts. What will happen to the resistors in this problem? 
The 18SL resistor will overheat and probably bum out. The 7 
resistor will carry the load as it is rated at 10 watts, 

7 746 watts «4(4m1 one horsepower and this it often us. d In the rating of an 
electric raotot , What would the rating in kilowatts be if a motor is rated 
at 50 HP? 
37,3 KW 



2f3 



8. The resistance of a 600-volt voltmeter Is 69,120 ohms. \Vhat amount of 
power is used when the voltmeter is connected across 480 volts: Show 
how you would check this, 

„ ^ 48 0 X 480 - . . 

^^TT ' 69.120 " ^-^^ ^^"^ 

9. What is the rating in horsepower of a motor which uraws 46.625 amperes 
from tht line at 480 volts. Expressed In kilowatts, what is the ratinp, 
of this motor? 

Note: 2 HP = 746 wattp HP of motor ^ 30 HP and 22. ^8 KW 

10. \7hat is a fuse? ''ow is it used? 

A fuoe ia a resistor of low resictance value and with a loi) temperature 
melting point. It is decigned to open an electric circuit if the current 
through the resistor exceeds the fuse rating 



ERLC 



36 

274 



Lesson 1-2-4 

D-C PARALLEL CIRCUITS 



Check-up: (1-2-A) 

1. Is the ^otal resistance of two resistors connected In parallel more or 
lesi than the value of the smallest resistor? 

1. Explain how the current flows in a circuit having two unequal resistanres 
connected in parallel. T\a> equal resistances. 

The l388er valt^ of resistance will take more current-^tDo equal resistances 
the current will divide equalln. 

3. If ^e have N number of resistors of equal value connected in parallel, 
how do we find the total resistance of the circuit? 

Resistance of one of the resistors 
Number of resistors in parallel 

4. Whf.t is the combined resistance of four 100-ohm resistors connected iv. 
parallel? 

25 ohm 

5. What is the formulc for finding the total resistance of two unequal 
resistors connected in parallel? 

r» R tR ^ 

Ru. 1 2 R 1 1117 

- -rVi - f 

6. .hat does the voltage equal, in tema of the total voltage, across each 
r-8l8tor in the circuit when the various resistances arc connected in 
parallel? 

The voltage aoroaa each veeistor is equal to the total applied volta{je 

ond the aam aerobe ?aoh reaiator 

or 

~ ^1 ^2 ^ ^3 * ^^•^•■» i'^'* nuniber of reaiatora. 
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?• \7hat does the current equal, in terms of the total current, across each 
resistor in a circuit when the various resistances are connected in 
parallel? 

Each reeietor of different value has a diffex^^nt current in it {through 
it)^ The sum of all these individual currents equals the total current 
or 



8. Must all of the resistors connected in parallel in a circuit have the 
same voltage rating , such as an electric razor , a vacuum cleaner , a 
dryer y and a water heater? 

Yes 



9* You will remember the formula for finding the total resistance of a 
number of re.'istors connected iu parallel: 

\ \ h S h ^5 ' * * \ 

From this formula please develop the formula for finding the total 
resistance of any number of resistors connected in parallel: * • 

"r - 1 



l^li-li-l-h etc. 



^1 ^2 ^3 



10. Supply the missing words: In a parallel circuit, Che same voltage is 
applied to each b^ ^. The total current is equ^l to the s\m of the 
curren ": in the ind dual hranchea, and the effective resistance is 
equal t.o the app' d voltage divided by the total resistance', it is 
always lower than the lowest resistance in th« circuit* 

11. A lamp io marked 125 volts and 200 watts. 4iat current does it 
require? 

1. 6 o/yfp 
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12. 



tfliat ifl the rcisistance of a 400-watt toaster which is made for use on a 
120 volt circuit? 
36 ohms 



13, (a) Compare the power (watts) used by a 29 ohm heater when operated on a 
240 volt line; and (b)when operated at one half voltage — i.e., on a 
120 voit line. 



1^, Four lampfl of equal voltage c:nd power rating? are connected in series 
across a 440-volt line. The current through the lamps is 0,909 amp. 
(a) I/hat is tne power expended in each lamp? (b) How much is the 
resistance of each lamp when this amount of current is flowing? 

(a) 93.99 watts (b) 121 ohn 

15. (a) A 20,000 ohm resistor is rated 10 watts. What is the maximum 

current it can carry without exceeding its 10 watt rating? (b) l^iat 
is the maximum voltaj?r that could be dropped across this resistor 
'without exceeding its 10 watt rating? 
(a) P.P.. 36 ma (h) 447. P volts 



16. A 12 volt battery is charped at a 5-amp rate for 24 hourc. How manv 
Kl^I of ener<>y is put into the battery? 

1.44 k vavt-hours 

17. (a) A motor takes* 5 amps on a 120 volt line. Find the horsepower outnut. 
(b) Find the KITH f energy consumed if this m^tor runs continuously /or 
24 hours. (c) Find the cost of operating the motor if energy costs Z 
cents per IGtll. Note: 746 watt equals 1 hp. 

^a) Jup. = 0.804 (h) 14.4 kwh (c) 28.8 cents or /*ounded off P9 cen 



P4J vrAtG P = 1,936.2 watts 
120 volts P = 496.65 watts 



Compared: When operating at l/P voltn 
you reduce the power by 1/4 . 



7 = ,rr 



E = fPR 
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A 120 volt power supply is connected to three resistors connected in series. 
The Ist resistor Is 5 ohm. An ammeter Indicates 6.2 amp of current flowinp 
in this aeries circuit. If the voltape across the 3rd resistor Is 62 volts; 
(a) mat is the value of R^? (b) How much power Is expended in the circuit? 
(a) » 4,SS ohm (b) 744 watte 

In one test on heating a housti by electricity it was found that it 
required 3.6 KWII per year to heat one cubic foot of space. At 1 1/2 cents 
per KWII, what would it cost to heat a house containing 12,000 cubic feet? 
C648.30 

If a 1000 ohm-10 watt resintor is connected across a 120 volt source, 
would the resistor overheat? Show why. 

Yee P = /'/R » lan^ = 24.4 watte 

1000 

Thia repreeentB 144% of ite capacity. 
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Lesson 1*'?'»5 

OliM'S LAW APPLIED TO PARALLEL CIRCUITS 

Check-up: (1-2-5) 

1. Ifliat is the combined resistance of 15 ohns, 10 ohms, and 5 ohms connected 
in parallel? 

Rt - 2. 727 ohma 

2. Four 5-ohra resistors are connected In parallel In a circuit having 5 
volts Impressed across It. (a) What la the total resistance? (b) 
How much current will flow In each resistor? (c) What Is the total 
current In the circuit? 

(a) 1.25 (b) 1 amp (o) 4 ampa 

3. What Is the combined resistance of 5, 10, 20 and 15 ohms connected 
In parallel? 

2.399 ohma 

4. What Is the combined resistance of: (a) three 50-ohm resistors in 
parallel; (b) four 50-ohm resistors In parallel; (c) five .SVohm 
resistors in parallel? 

(a) 16 2/S ohm (b) 32.5 ohme (a) 10 ohma 

5. What Is the combined resistance of 125, 250, 500, and 1000 ohms 
connected in parallel? 

66 2/i ohma 

6. V'e have two resistors connected In parallel: their values are 10 ohms 
and 15 ohms. If we cut the total resistance In half, what value of 
resistance will the third resistor have? How much current wi?l flow 
in each resistor vlien we i«t)ply 15 volts to the arrangement? 

= ^ ohma 

I • = 1.5 amp I„ « 1.0 amp « 2.5 amp 
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If 90 volts are applied to the circuit in problem 6: 

(a) How much current will flow in each resistor wlien only the first 
two resistors are connected? 

" 9 amps; I ^ b $ canp 

(b) How much total current will flow under these conditions? 

IS 



(c) How nuch current will flow in each resistor when we add the third 
resistor to the circuit? 

" 5 amps ^2 ' ^ ^3 " ^« 

(d) How much total current will flow In the circuit with all three 
resistors connected In parallel? 

- 30 anpe 

How nuch power Is being used In each of the three resistors under the 
conditions of problem 7? 

" 810 watts s » S40 watta; » 1^350 watte 

How much current will flow In each resistor in problem 1 when we 
apply 45 volts to the circuit? What Is the total power being used 
In the circuit with 45 volts applied to It? 

(a) " 3 amp; "4,5 artpe; ■ 5 sonpa 

(b) 742. S watte 



In problem 1 we wish to cut the resistance down to a value of 1/3 that 
obtained with 15, 10, and 5 ohms. How much will the value of the 
fourth resistor be when connected In parallel with the ether three 
reslstoisT 

" 2.72? ohirte (from prob. 1) 
Value cf the fourth reeietor « 1. 3636 okme 

Three resistors are connected to a 120 volt line. Total current is 
12 amps. One resistor Ij 20 ohms, one Is 30 ohms. Calculace the ohms 
for the third resistor. 
R, - 60 ohma 



^2 ^SO 



12. When a resistor of 80 ohms is connected In parallel with a resistor 
of 120 ohms; what is the total resistance? 

48 ohma 

13. Three resistors are in parallel; one is 250 ohms, one is 300 ohms, 
one Is ISO ohms. The 250 ohm resistor has a current of 60 ma. 
Calculate the current li^ the other two resistors, and the total 
current In the line. 

300 Resistor has 0.05 amp thru, it 
150 Resistor has 0.1 amp thru it 
I =• O.Zl amp 

14. Find the total resistance of (a) two lOCO ohm resistors connected in 
parallel| (b) four 1000 ohm resistors connected in parallel. 

(a) 500 ohma 

(b) 250 ohma 

15. A 4-ohm, 8-ohm, 12-ohra and 16--ohm resistor are connected in parallel. 
Calculate the combined resistance of this parall^ group « 

1.92 ohmB 

16. How much power would \>e expended in each of the parallel connected 
resistors in question 15 if this group is connected across a 120 volt 
source? 

(Vatt total » 7500 watts) 

3600 watt 0 4^ ; 1800 watts ^ 8 ^ ; 1200 watts 0 1P'.JX, * 
300 watte 9 16 jx^ 

17. Four resistors of 8,000, 1,500, 2,500 and 3,000 ohm are connected in 
parallel. What Is the equivalent resistance of the combination? 
655.7 ohms 

18. What resistance must be connected in parallel with a 20 ohm resistance 
to create a 4 ohm equivalent resistance? 

5 ohms 



A3 



P81 




In tb« '•Ircuit shown above; F^^ - 16 ohms, R2 " ^ ohms, 13"^ awPt 

and E - 32 volts. Find (a) I^, (h) 1^, (c) l^, (d) R^, ^e) total 
power, 

(a) 14 anp (b) 2 amp (c) 8 amp (d) 8 ohm (e) 447.99 watts 

In the circuit shown abcve. If R^^ and R^ arc both 10,000 ohm resistors, 
and R^ is a 5,000 ohm resistor; the total current is 0,40 amp. l/hat 
value of resistance must be connected between junctions a and b to 
result in a total current of O.SO amp? 

10,000 ohm 
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Lesson 1-2-6 

VOLTAOE, CURRENT, AND RESISTANCE IN SERIES-PARAI.I.EL CIRCUITS 



Check-up: (1-2-6) 



Name the steps that you would follow in determining the total resistance 
of a complex scrlcs-parailel circuit. 

(a) Re-dvau the cirouit if neoeBBcan^ to ftinplifu. 

(b) Parallel oombinatioriB having brancheB conaiBtinn of Wo or more 
peBiBtorB in Beriea are added together. 

(a) UBe formula for parallel reeiBtanoe to find total reBistance of 
parallel partB. 

(d) Add the combined parallel reaiBtancee which cere in aeriea. 



Explain why no new formulas are necessary In order to find total resistance 
in a series-parallel circuit. 

By breaking the oonplete circuit into partB consiBting of ainpls ftcrip,r. 
and parallel circuits, and then solving each part seperately and coml>in~ 
ing the parts^ no new formula is >>ece8Bary. 



Find the tota*. resistance of the followlnR arrangement of resistors, 
assunlnR tnat each resistor has a value of 1 ohm. 



-vww- 



-VSAA/V- 



Re 



R4 
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. Find the total resistance of the following arranj^enent of resistors, 
the value of the realstora beln^: 

- 0 ohms 
Rg " ohms 
Rft ■ 2 ohms 



«7 «S 



= 17.8 

5. Upon what factor does the total current flow In a series-parallel circuit 
depend? 

The total resistance offered by the circuit when connected acronn a 
Voltage eourae. 

). \Jhat value of current does the sum of all of the branch currents equal 
In a series parallel circuit? 
The total circuit current* 

\ IThat does the total volta^<e across a series-parallel circuit equal In 
terms of the voltage drops In the various paths between the two ends of 
the circuit? 

The 8wn of all the voltage drops in all the va2^:ou8 paths u)ill equal the 
applied voltage. 

. T\70 resistances; R^ - 150 ohms, - 200 ohms, are connected in parallel 
and thlj parallel combination Is connected In series with a third resistor 
which equals 620 ohms. If 230 volts Is applied to this series parallel 



Rj^ ■ 7 ohms 
R2 ' 4 ohms 
Ro • 3 ohms 



R^ ■ 2 ohms 
R^ - 15 ohms 
R^ - 5 ohms 
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combination; (a)what is th<^ total current of the circuit? (b)how much 

power is expended in R^? 

(a) 0.328 amp (b) Z.9 watte 

9, In the series-parallel combination in question 8, (a) If is short 
circuited, how much power will be expended in R^^? (b) iThat will he the 
total current if R^^ is open circuited? 
(a) P « 353 watte (b) 0. 280 amps 

10. In a series-parallel circuit a single resistor ,Rj^ , equals 5,600 ohms and 
is connected in series with a pair of parallel resistors ^R2 and R^, \Vhen 
a 1,000 volt power supply is connected across this series parallel com- 
bination 29.3 ma of current flows through If equals 7,180 ohms, fi 
(a) the voltage across , (b) voltage across R^, (c) the total 
current^ (d) total power expended In Cue circuit. 
(a) 770 volte (b) 221 volte (o) 139 ma (d) 13n wattn 



11. 



I — WAAA- 



A 10-^ 



Find total current. 

Z.6S ompe 

12. Find the total curient if C and D were short circuited. 

C arype 
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How much power is expended in thfe three ohm resistor in problem 11, if 
A and B are short circuited? 

729 wat.i8 

Reduce the series parallel circuit shown below to an equivalent series 
resistor. 



5-^ 



s \te> V 



15- 



6 



3-^ 



8-^ 



Determine the amount of power that would be expended in the series 
parallel circuit shown for problem 14. 

p a ^1 " ^00^ » ^''^J watts 
R 20 
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Check-up: (1-2-7) 



1. \^at will be the line loss in voltaRe and In watts per mile in trans- 
mitting 10 kilowatts at 240 volts if No. 00 wires are used? 

no. 00 ree. = 0.0795.^/2000 feet 
« .d39S^Cl^ /2 mites 

1,457 0atte 

2. In the circuit below , the distance from A to B is 200 feet, and ^hnt from 
B to C is 150 fest. AB and EF are No« 6 wire, and BC and DE are No. lA 
wire. Load No. 1 draws 35 amp. and load No. 2 draws 10 amp. The generator 
develops 230 volts brush potential, (a) What is the voltage at Load No. 1? 
(b) Power lost in Che lines Is how much? 



A P C 



F CP 

(a) 222.7 volte (b) 403.8 watte 

3. If in problem 2 ,the distance from A to B l8 100 ft., and ^Wt from R to C 
is 300 ft., AB and EF are No. 10 wire, and BC and DF, are No. 14 wire; load 
No. 1 requires 15 amp and Load No. 2 draws 7.5 amp from the generator 
which develops 120 volts br-ish potential _ (a) IThat is the voltage at load 
No. 1 (b) Voltage at load No. 2? (c) \/hat power is lost in the lines? 
(a) lis. 42 volte (h) 103.8 volte (a) 190 vatte 




ERIC 



4. A No. 0 two-wire feeder was originally installed to carry a load of 100 
amperes, but the load f^rev to 230 amperea. A repairman attempted to 
help the situation by paralleling the line with a feeder of No. 1 jize. 
Both feeders were rubber covered wir''. Do the two feeders together have 
sufficient carrying capacity? 
Ho 
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If we a88'ime the lines to be 500 feet Ions in question 4 above, how many 
volts drop could be expected with that increased loading on parallel lines 
How much power is expended in the line? 

Total Reeietanee out & baok of parallel wives = .0F>b9 amp 

E » IP P " I^R 

E = 220 amp X .0559 amp P = (230)' x .0559 

E » 22.86 volte P - 2957 watts 

(a) 12.86 volts 

(b) 2.957 kw 

A generator with a constant potential of 240 volts is to supply power 
to a 12 kilowatt load one half mile away. If not over 10% voltap,e 
drop is allowed in the line, what size wire must be used? 
No. 00 

In the circuit below, LI equals a load of 4 amp, and L2 represents a 
load of 2.0 amp. If the source voltape applied to points A and B is 
120 volts, find (a) voltagi across LI. (b) Voltage across L2. 
(a) 115.4 volts (b) 116.2 volts 




A 2 horse power d-c motor is to be installed on 230 KV motor operated 
disconnect switch. The motor draws 36 amp at 48 volts when connected 
to its mechanical load. A 48 volt battery, located 100 feet from the 
motor^will be used to supply power to the motor. If it is desired to 
limit the voltap.e drop in the wires to no more than ? volts— what size 
wire must be run from the battery to the motor? 
l\o, 4 wire size 

50 
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9. If a 2 horse power d-c motor rated 125 volts could be used for the ''30 
KV motor operatcid disconnect in question 8, and the Tnotor draws lA amp, 
what size wire could be used when a 125 volt batterv is used to supply 
the power? Limit the voltage drop no more than two volts, 
//o. 10 wire size 

lo. Supply Che missing words~For transmitting a specified amount of power, 
the line losses car be reduced by increasing the {a) wire nize , 
(b) Power lost in the lines is due to the aurrent drawn by the load. 
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Lesson 1-2-8 



KIRCHHOFP'S LAWS APPLIED TO COMPLEX CIRCUITS 



Check-up: (1-2-8) 

1. In the sketch below, we are given the values of Ij^, l2» and I^. Hsing 

larchhoff 's First Law, which states that the algebraic sum of the currents 

at any Junction of conductors is zero, find I,, I,, I., I,. 

J *f o 7 




- ? 



At Junction A: - I. - I. « 0 (also) " - I„ 
16 9 4 12 



I. " 11 arrpa 



At Junction B: T- - - I„ " 0 

o a 0 



'3 ''2" '6 



= U - 4 



At Junction C: - ^ ^ 0 (aleo) 1^ - .\ = U ^ 8 

Ig 3 conpe 



At Junction D: I - I m 0 



7 + 8 



(Shoim ie method of solution as per Kirchhoff'e rat Lcdj) 



2. Solve both parts of the problem by Klrchhoff 's Law: 



a. Kirchoff's Second Law states that the algebraic sum of the electromotive 
forces and voltage drops around any clc ed electrical circuit is zero. 
If three resistors are connected in series across a voltage of 120 volts 
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and the voltaRe drops of and are 10 and 15 volts, respectively, what 
la the voltaRe drop across R^? 

95 volte Methorf of Solution: 



E. 



- 120 - 10 .. 75 » p.*; vol 



b. Asaumlng that io equal to 50-2/3 ohms, R2 equals 5-1/3 ohms and 
R-j equals 8 ohms, what is the value of current in the circuit? 
1.575 canp Method of Solution: 



120 - SO -_2 - 5 
31 



131 = U 



120 - J52I -mi= 241^ = 0 
3 3 3 



641 "120 



or 



1.875 



Using Klrchhoff 's Second Law, find the voltage drops across Rj and R^ In 
the following circuit diagram. The total voltage is 120 volts and the 
voltage drops across and £.re 100 volts and 60 volts, respectively. 
(Hint: Reduce this diagram to its simplest form.) 



ft. 



(20V 



I 



E, 



E^ = 



— ^/VA/Wv. 

120 - 100 - 2n volte 
100 " 60 = 40 volte 



A. Klrchhoff 's Second Law states that in a closed electrical circuit the sum 
of all the voltage drops and the electromotive forces in that circuit equals 
zero. Applying this law to the following circuit, how much current flows? 
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■A^AAr- 



12 V d.oft-rt- 



1 



6 - O.OSI - 31 - 41 * 40 - O.lbl - SI - 21 - 12 - 0.081 = 0 
J4 - 14.281 = 0; 14.281 - 34; I » 2.38 amp 



5. A battery supplies 10 anperes to two resistors of 30 ohms and 20 ohms con- 
nected In parallel. If the Internal resistance of the battery and the 
resistance of the connection leads Is ignored, what Is the battery voltage 
and how much current flows through each resistor? 

\\Aj 



I = 120_ « 4 Amp 
30 

I - 120_ « 6 Airp 
^ 20 



't-'l-h'' 't-'l"- '2 'l 



-A/VA' 



J. S ^o' J. 

30 20 



IC - _E_- 0 : 2E -f 3E =• 10; SE » 600 then E 120 Volts 

30 20 60 

6. How much curre..t will flow In the following circuit? 

3-^ , . 



■AAA^ HI 



II- 



-AAV 



l(,VOLT 



r 



10 



JO V04.T 



1- 



-I i 



II 



J 



1 4 voir 

- - 101 - 14 - 0.121 - SI + 8 - J. 071 - 71 - O.U - .10 - .V 

IS - 14 + 8 - 10 - 2S.4H =: 0 : 2S.43I " 0 .' . I ^ 0 
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. Three resistors, equals 2 ohms, equals 5 ohms, R^ equals 3.6 ohms and 
an unknown resistor^ are connected in series across a 24-volt battery whose 
Internal resistance Is 0.1 ohn. If a current of 1.2 amperes flows in the 
circuit, what is the value of the unknown resistor? Prove this according 
to Kirchhoff'a Second Law. 
9.3 ^ 



8. A 60-volt battery and a generator, with the positive of the generator connected 
to the positive of the battery, supply 7 amperta to wo resistors connected 

in parallel. The values of the resistors are 15 ohms and 20 ohms, (a) What 

is the voltage of the generator? (b) What are the voltage drops of the resistors? 

(c) How much current flows in each resistor? 

(a) 120 volte, (b) 60 volte, (o) I. - 3 AMPS ' 4 AMPS 

9. MtiAt Is the value of R in the following circuit diagram? 

— A/s/V Ayvv 



WV- 

12.4 ohms 



HI '£V 

^ O.IJL, 



»20 voir ' 0.2 + 10 + O.S 0.1 R 12 

F - 22.8 ohms 

R. » £- 120 - 20 - IP. « 35. 2 ohmn 
I 2.5 " 

/? « 35.2 ohme - 22.ohme 

R + 12.4 ohme 



10. We have a network of resistors as shown below, (a) Find the equivalent 

resistance between points a and c. (b) How much current flows with 15 volts 
Impressed across a and c? a 




Note: An alternate solution to piK>blem 10 ia to use the equations jor 
converting from a delta netuork to an equivalent wye network. 



Equivalent WYE from a Delta NetPork 
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Lesson 1-3-1 



REVIEW OF MATHEMATTCS 



Check-up: (1-3-1) 



Solve the following right triangilesfor the unknown elements: 



1. 


R - 


73.6, <J - 15.0* 


2. 


R 




425. e - 23.6* 




i " 


76.2, X " 29.7, 0 ' 75" 








464, X - ^ » 55.4" 


3. 


X - 


17.0, 6 - 69.1* 


/». 


X 




38.0, 0 - 7?. 3* 




2 - 


18.2, R - 6.S, 0 - 20.9" 








Z9.7, R - 0 » Jff.?" 


5. 


Z - 


70.0, R - 63.5 


6. 


Z 




51.7, R - 10.3 






24.9", 0 " 6S.2, X « 29.5 








75.5, 0 « U.S", X = 50.(7 


7. 


Z - 


0.403, X - 0.290 


8. 


Z 


m 


48.7 X - 48.4 




Q = 


46.0", 9 » 44.0", R = 0.280 




Q 




53.5, 0 " 6.4", R » 5.40 


9. 


R - 


8.10, X - 21.1 


10. 


R 




454, X - 1,530 




Q = 


69". 0 - 22", i " 22.6 




0 




73. 5 ^ 0 ' 26.5", 3 = 
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Check-up: (1-^-2) 



Find the horizontal and vertical components, denoted by R and X, respectively, 
of the following vectors. Check the mathematical solution of each by drawing 
a vector diagram to scale. 



1. 42.0 at 81.2' 

R « 6.43y X " 41.5 

4. 1,600 at 106.5' 

R " - 454.4, X " 1534 



2. 108 at 10.9' 

R « lOe, X a 20.4 
5. 72 at ISO" 

R M - 72, X 0 



3. 1.92 at 40.0' 

R = 1.47, X 1.23 



Find the resulcant forces of the following vectors. 



6. 527 at 0' and 600 at 90' 

2 »- 799 /48.7° 



7. 195 at 90' and 95.9 at 0* 
S " 227.3 / 26. '>° 



9. 5.8 at 90' and 95.9 at 0* 
i " 96.1 /86.5° 



8. 32.3 at 0' and 32.3 at 90' 
S " 45.7 /J5° 

10. 234 at 90' and 730 at O' 

2 = 766.6 /17.3'' 

11. Add 5.4 /31.5 * and 8.37 /-75.4 * and express the sum in polar form. 

8.548/-38.2'' 



12. Subtract 5.92 /51.3 * from 17.1 /-32. 2* and express the result in polar 
form. 

17.45/-51.9° 



Subtraation of phasore in rectangular form. 



Volar Form 
17.1 /~32.2'' 



Reatanqular Form 
14.47 - J 9.11 
3. 70 -h J 4. 62 
10.77 ' Q 13.73 



5.92 /_51'3° 
Subtracting Result «= 
Ifote: To aubtrac::, change the 
eign of the subtrahend and add 
algebraically. 

Expreaeing the result in polar form -.10.77 - jl3.73 " 17.45 /-bl.9° 
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Check-up: (1-3-3) 



1. do we use alternating current instead of direct current for the transmission 
of electric power? 

A-C ie oheccper for power oompaniee to produce and distribute to their cuetomerry 
and also more versatile. A-C is easy to transform from lot) io high voltage. By 
raising voltage and lowering current^ poller losses are kept to a minimum* An 
exception to this general practice is the D.C. intertie with California which 
is only economical on very long tranemieeion lines or submaxn^ne cables - 
Vancouver B.C. to Victoria for example. 

2. What is the limiting factor in a transmission line? Is it conductor size, 
voltage, insulation or what is it that limits transmission line/ capabilities? 
All these items affect tranamiesion. Larger conductors are not practical and 

at present time insulation is a problem if the voltage is raised above 1 million 
volte (1,000 kv). However transmission systems above xhe 1,100,000 volte are 
presently being developed. 

3. 1/hat lib its the amount of current that can be carried on a transmissicn line? 

The size of the conductors — l^e heating of the conductors. 

4. What is a cycle? What is an alternation? 

A cycle covers one complete range of the output voltage or current from a generator. 
The voltage starts at zero and consists of one posive loop and one negative loop. 
One half cycle is called an alternation. 

5. What is the effective value of alternating current in percentage of the maximum 
value? 

70. 7% 

6. Alternating voltage is an electromotive force which changes continuously 
wltn time, rising from zero to a maximum value in one direction, decreasing 
to zero, rising the same maximum value in the opposite direction, again 
decreasing to zero, and then repeating these values at equal intervals of time. 
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What is a waveform of a current or a voltage made to repr::sent? What kind 

of wave form does alternating current or alternating voltaRe have? 

A wave fom ih a plot on a graph and ehaua the magnitude and direotior of the 

current or voltage at every instant of time. A^C wave forme are eymrnntri aal aJjoU^ 

the horizontal axie. 

What is frequency? 

The number of ay alee generated in one second. 

At 60 hz how much time is consumed by the voltage going from 0 degrees to 
270 degrees? 

Jix 3 cycles = _i eec. or .0125 sec. orl2.S millisecond 
60 4 80 

Wa use 60 hz in this country for our alternating current supply. Why do we not 
use a lesser frequency — say, 10 or 15 hertz? 

With this low frequency, there may be a visible flicke^Hng of incadeacent lamps. 

What is the maximum voltage in terms of the effective values of alternating voltage 
Maximum or peak volt-age is 1.414 times greater than effective value voltage. 
Effective value ie equal to 0.707 times peak value. ^ 

How does alternating current differ from a varying direct current? 
Alternating current flows first in one direction, and then reverses and flows 
in the other. Direct current, the magnitude may vary, but the direction never 
changes . 

Alternating current traces a curve called a ''sine wave/' What ia a si:f^ wave 
and Why is it co called? 

A s^^ wave is graphically produced by a eim^jle A-C generator with sijmetHcal 
positive and negative portions above and below the zero reference linc-^it is 
a plot or graph of all the inetantanious values. Any point on the graph is 
a function of tJie sine of the angle between the magnetic field and the motion 
of the armature. 

How many hertz equal 1,500 kilohertz? How many kllohertz equal 15,000 hertz? 
1,500, OOC hz 15 khz 
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lA. Explain the difference between electrical and mechanical degrees. 

Generators are built to operate for a specific speed and at a sped fi<.i 

frequency. The speed of rotation is a function of frequency and the 

number of poles. Electrical degrees are used to measure a rude — assume ,^60^' 

for a full cycle. In a U)o pole generator one degree of mechanical rotaiion 

would produce one electrical degree^-^but in a 4 pole generator—one mechanical 

degree would produce two electrical degrees and eta. / » ( Pairs of poles) (RPM) 

60 

15. What is meant by phase? Pliase difference? 

Phase difference is meaeured in degrees and is the angle of differerce between 
two rotating electric vectors, voltages or currents. 

16. \fliat is the effective value of a voltage whose maximum amplitude is 200 volts? 
F: 141.4 volte 

17. What is the rms value of a voltage whose peak-to-peak voltage is 200 volts? 
ma = 70.7 volte 

18. What is the averaf;e value of the output voltage of a 6 volt battery? 

What is the rms valu^? 

F » 5 volte E » 6 volte 

av rins 

19. The voltage measured at a household electric outlet is 119 volts. This Is 
the rms value of the voltage. What is the peak voltage? What is the average 
voltage? 

me - 119 volts E ^ 168.266 volte E « 107.18 volts 

pm ai 

20. OfAe alternation of a sine wave takes 4/1,000 ot a second r What Is the frequency 
of the wave? 

125 herte 

NOTE: One alternation ie 1/2 cycle 

Tlien one cycle « 8 of a second 
1,000 

or .008 sec/ 
then if 

.008 sec =r 2 Qy 

1 sec cy/sec 
cyc/sec « 125 hertz 
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Check-up: (1-3-4) 



1. If a 4-pole generator is turned by a water wheel at a «peed of 1800 r.p.m., 

tmat would be the frequency of the generator/ 

/ - poire X rvm » 2 x 1800 m ^ eo hz 
60 60 



2, 



An alternator with S-poles has a speed of 900 r.p.m. What frequency would 
It operate at? 



/ * £Xf » 4 X 900 « 60 hz 

eo 60 



3. If a 12 pole generator operates at a speed of 250 r.p.m.. what would be the 
frequency of the gen^^rator? 

/ « 2£i • g X 2S0 » 25 hn 

60 60 
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. A sine wave voltage produced by an a-c generator has a maximum value of 170 
volts. Detamlne the Instantaneous voltage at 45 electrical degrees after 
crossing the zero axis In a positive direction. 

120,2 volte 

An alternator produces a maxliaum voltage of 325 volts. What Is the instant- 
aneous value of this voltagr at 90 degrees, 
I at 140 de,-»rees? 

32S volte 9 90" 

208.9 volte 0 140" 

Two a-c generators are to be operated in parallel at the sane frequency. 
Generator No. 1 has 14 poles and turns at a speed of 1800 r.p.m. 
Generator No. 2 has 10 poles. 

(a) :jhat Is the frequency of generator No. I? 

210 hz 

(b) What is the speed of generator Wo. 2. so it nay operate satisfactorily in 
parallel with generator No. 1? 

2520 rpm 
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What is the effective value of an alt^^mating voltage whose maximum value is 
311 volts? 
219.88 volte 

asing the values obtained in question 7, what would be the instantaneous value 
for the voltage at 245 degrees? 

281.8 vol'ca 

If .an alternating e.m.f. has the instantaneous value of 280 volts at 50 degrees^ 
what is its value at 150 degrees? 

ZBS.S'i volte E maximum 

and 187.8 volta Inetantaneoue 

What is the max^aum valu. of an alternating current, if the instantaneous value 
at 310 decrees is minus 80 amp? 

104.4 ampe 
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Leoson 1-3-5 



RESISTANCE IN A-C CIRCUITS 

Check-up: (1-3-5) Write out the answers to the following review questions found 

on page 3-41 of Electricity One-Seven. 

1. What are eddy currents? How are they related to frequency? 

When an a-c current flaoa in a oonduotor it oaueee voltagee to be sent up ineide 
the oonduotor which in turn oanae mall independent eddy currents to exiet. 
More pronounced with higher frequency. 

1. What Is skin effect? Is It present In d-c circuits? 

The concentration of current flM near the surface of a conductor — NO. 

3. How Is skin effect overcome in power cables? Why does this work? 

Skin effect ie reduced by using stranded wire^ the total eurface area of the 
wires is gi^ater than that of a single oonductor. 

4. What is the average power dissipated in an a-c circuit where the maxlmuni 
voltage is 20 volts, and the maximum current is 40 amperes? 

P = ^pk ^ ^pk « 400 watts 
2 



5. What is the average power dissipated in an a-c circuit where the affective 
voltage is 70 volts and the effective current is 30 ampers? 

P ^ E X I « 70 X 30 m 2.2 KW 

6. The instantaneous curren". through a resistor is 14 amperes and the Instantaneous 
voltage across the resistor Is 28 volts. What is the Instantaneous power 
developed? 

P. ^ " E. ^ X I ^ « 24 X 28 » 392 watts 
vnet tnet net 

7. The peak value of the voltage In an a-c circuit is 100 volts and the ef^^ectlve 

current is 7 amperes. What is the average power dissipated? 

E - E , X .70? ^ 200 X 0.707 » 70.7 volte .\ 70 7 x 7 494.9 watts 
eff pk 
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The peak power developed across a resistor Is 1500 watts, when the effective 
voltage across the resistor Is 500 volts. What is the average current 
over one alternation? 



The average value of one alternation of a sine-wave voltage is 75 volts, and 
the peak value of the current is 3 amperes, l^hat is the average power 
developed? 

J X ,?07 - 2,12 amp eff. 75 x l.U » 83.2 voltB eff. p = 2.12 x 83.2 = m.P. wat 

The average power developed across a resistor is 2000 kilowats, and the peak-to- 
peak voltage ia 200 kilowolts. What is the value of the effective current through 
the resistor? 

E^ff - 0. 707 X I , I « P « 2000 ku « 28.3 arm 

E 70.7 kv 

= 0.707 X 100,000 ^ 
E X 70. 7 kv 
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Lesson l«-3*6 



INDUCTANCE IN A-C CIRCUITS 



Chsck«-up: (1-3-6) 



1. What properties, In addition to resistance, limit the current In an 
a«c circuit? 

Inductive reactance and capacitive reactance oppoee the flot) of a~c 
current. 



2. What rule gives the direction of the magnetic field around a current 
carrying conductor? State the rule* 

The left hand rule. If your fingers are wrapped around the conductor, 
with your thurib in the direction of the electron flow, they will 
indicate the direction of the magnetic field. 



3. For a conductor moving through a magnetic field, what rule gives the 
direction of the induced emf ¥hen the direction of the magnetic field 
is known? State the rule* 

The right hand rule. If the thumb, forefinger, and middle finger of 
the right hand are held at right angles to one another, with the thumb 
pointing in the direction in which the conductor is moving and the 
forefinger pointing in the direction of the magnetic field, then the 
middle finger points in the direction of the induced emf. 

A. What factors determine the magnitude of the induced emf? 

Strength of the magnetic field, length of the conductor, speed of the 
conductor, and the direction of the magnetic field. 

5. What is self-induction? 

When a varyinj current flows in a conductor, it creates a magnetic 
field which induces an emf in the conductor — counter to the applied 
force — this is self induction. 
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6* On what two factors does the magnitude of a self-induced emf depend? 
The frequency of an a--c current and its amplitude determine the 
^ magnitude of the self^-induced emf. 
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What Is meanL by counter emf? By back emf? 

Since the action of the induced p^mf is to oppose the applied voltage ^ 
it is often called the Back emf or counter emf^ 

State Lenz*8 Law, 

Lenz^B Law states: A change in current produces an emf whose direction 
is such that it opposes the change in current. 

What determines the direction of the self-Induced emf? How does 
Lenz's Law explain this? 

When a current is decreasing^ the induced emf is in the same direction 
OB the current and tries to keep the current from decreasing. IThen the 
current is increasing, the polarity of the induced emf ia opposite to the 
direction of the current. The induced emf and the applied voltage are 
always 180 degrees out of phase. 

How can self-lnductlon be explained from an energy standpoint? 

Self'-inductian can be considered an exchange of energy when the 
magnitude of the current through a conductor chcmges. 
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Lesson 1-3-7 



INDUCTANCE 



Check-up; (1-3-7) 

Write out the answers to the followlnp, review questions found on page 3-70 of 
Electricity One-Seven > 

1. Define inductive tiine constant. 

The time required for the current to either increase to C)Z.2'' of itc rnaxi.nim 
value^ or to decrease 63.2% from ite maximum value in one time conr.tant. 
The inductive time conetant ie equal to t»L/E. 

2. llow many tine constants doea it take for the current to reach 63.2 percent 



3. In what units are time constants measured? 

seconds^ millieecondaf 1/1000 sec) or microseconds (l/l^OOO^OOO) 

4. l^at is the total inductive reactance of three coils in series whose 
reactances are and 10 ohms? 

C) 5 10 ^ 20 ohms 

5. ^Ihat would be the total inductive reactance for the coils in Question A 
if they were in parallel? 



6. \/hat is the inductive reactance of a lO-millihenry coil at frequencies of 100 
htz.p 1000 htz,, 10 kilo hertz, 100 kilo hertz, and 1 mega hertz? 

=r e.28jru Q 100 hz X, ^ e2.8Jl^ a lOOO hz X. = e,280ji^ § 100 khz 

L L L 

and 62^800SU ^ one M^hz, 



of its maximum value in a d«-c circuit? 



One 



2ohms 
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What Is the phase relationship between current throup;h, and the voltage across, 
an Inductor? Why Is this so? 

The applied voltage leads the current by 90^. A changing magnetic field 
induaee a voltage in an inductor that opposes the change in current producing 
it. A'^C is constantly changing and causes the current to Irj. 

What Is the value of the time constant for a circuit consisting of a 5000- 
ohm resistor and a coll having an Inductive reactance of 1,884 ohra at 60 htz.? 

t - 1 mcroseaond or jpj^-^ or t = ^^^^ - .000,000, 9 sec. 

It takes 10 seconds for the current to drop to zero after the switch Is opened In 
a d-c circuit consisting of a battery, switch, resistor, and coll. l^at is the 
circuit tine constant? 
t a 10 seo » 2 seconds 
S 

If the value of the resistor of question 9 is 100 ohms, how many AO-henry 
inductors are needed to provide the Inductance? Are they connected in series 
or in parallel? 

5 in series 
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Lesson 1-3-8 



MUTUAL -INDUCTANCE 



Check-up: (1-3-8) 



U What causes the emf of self- Induction? 

The expcDtaion and contvaction of the magnetic field or the current vanes. An 

emf ie induced in any wire that moves in a magnetic field. In this case 
it is the field that moves. 



2. What is the effect of this emf of self-lnductlon called? 
inductive reactance or counter E.M.F. 



3. What does Inductance do to current that is Increasing in a coil? To a current 
that is decreasing in a coll? 

Opposes any change in circuit current. 

4. How may we increase the induced emf? 

Increase current, frequency, length of conductor* 

5. Is there any difference between the emf of mutual inductior and the emf of 
self-induction? 

t^utual induction is a seperate conductor. 

6. A magnetic field or flux (circular lines of force) enshrouds every conductor 
through which electricity flows. Can mutual induction exist between two coils 
when there is no change in the current, that is to say the current is direct 
current? 

no 



What occurs when the flux of one coil, called the primary coll, cuts the 
turns of the secondary coil? Explain how a current or emf can be generated 
in a circuit that is not even in electrical contact with the first circuit. 
Name one device which makes use of this principle. 

Energy is transferred from one circuit to another vithout a physical connection 
DeU)een the tuo by mutual induction. The transfer is accomplished by means of 
the magnetic field^-a transformer. 
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8. Explain how energy may be transferred from one circuit to another using a 
battery,, switch, meter, and two inductors. 

By mutual induatanae — when the sirCtah is aloeed or opened — a change in current 
flew aauaea magnetic fields to cut conductors, 

9. What is the phase relationship between the current* that flow in two circuits 
that are mutually inductive? 

The secondary is 180^ out of phase with the primary. 

10. \n\at is the co-efficient of coupling between inductances? 

The degree of flux linkage is expressed by a factor called the coefficient 
of coupling. When all the flux lines from one coil cut or link the other 
coll^ the coefficient of coupling is one. 
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Lesson 2'*A-1 



CAPACITANCE 

Check-up: (2-4-1) 

1. You will remember that Inductance opposes any change In the circuit current. 
\7hat Is the opposition to any change In the circuit voltage called? 
Capaoitive reaatanae. 

2. When does capacitance flffect direct-current voltage? 
In fluctuating d^c oirauite 

3. What Is the letter used to denote capacitance? What quantity of capacitance 
does this letter represent? 

The letter C - faroM 

A. Upon what does capacitance depend? 

Three faatore^^euTfaae area of the platea^ the dietanae between the plates and 
the ineulatin(7 material between the plates (dieleatria)^ 

5. If we apply direct current to a capacitor^ how long does current flow? 

A capacitor blocks d^c. Therefore, once the capaciior is fully charged, no 
further current will flaw in the circuit. 

6. If alternating-current voltage Is applied to a capacitor, how lonj^ does 
the current flow? 

A^C current will flow through the capacitor continuous ly. 

7. Does alternating current actually pass through the Insulating material between 
the capacitor plates? 

IJo, only a very small mount of leakage current which cm he considered af^ 
negligible. If current paaeee through the dielective, the capacitor is 
defective. 
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8. What precaution should be taken when discharRinr, a capacitor regardless of 
whether the voltage used to charge xt is direct current or alternating 



current? 



One should not make any body contaot until the capacitor is discharged. 



9, Using direct curLent, a capacitor is repeatedly charged and discharged. 
Each time «h*t it is discharged you note that the resulting arc or spark 
is the same size. If this charging and discharging of the capacitor with 
alternating current is repeated, the spark occurring a^ discharge varies 
in size and intensity. Explain why this is true. 

A capacitor charges until the voltage built across it eauals the source 

voltage which with a d^c source is aUyays the same — in an a-c cir^jut the iwltage 

is continual changing, 

10. How can you prove that capacitors block direct current? That capftcitors 
appear to pass alternating current continuously? 

With an axmeter or a light bulb of the proper size in series ijith the 
capacitor and first applying a d^c voltage and then a a-c voltuge source. 

11. What is a capacitor discharge? 

A capacitor is said to be discharged vhen the charges on the plates are neutralized. 

12. Civen a circuit consisting of a lOO-Trillampere alternating current milli- 
araneter and a 1-microforad capacitor in series » when 120 volts alternating 
current is applied, approximately A5 milliamperes will flow continuously. 
Explain this current flow in the face of the fact that the capacitor plates 
are separate with an insulating material. 

A capacitor in an a^c circuit is first charged fc?y the voltage being applied 
in one direction and then the other charging and discharging evenj q^cle^an 
a^c current therefore continues to flauj continuously. 
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Check-up: (2-4-2) 

U Describe the construction of a capacitor, Whit is the material which 
separates tae plates called? 

The baeio capacitor coneieta of two conductor's or plates separated by an 
inaulating material called the dielectric. 

1. Name the factors which ^ffect the capacitance of a condenser. 

The surface area of the plate8----the distance hetiJeen the plates — the inr^ulatina 
material. 

3. \^at is the dielectric constant of a capacitor? 

Indicator of hoo effective a material ie as a dielectric — air is assigned the 
value of yne. 

4. Give the formula for two capacitors connected In series. What is the 
formula for two capacitors connected in parallel? In what way does this 
differ from connecting resistances in series or parallel? 

Series C » (Combine the resistances in parallel) 

Parallel ^^'^ ^2 ^^^'^^'^^ ^^^^ resistances in series) 

5. Describe a variable air capacitor. 

Consists of two sets of interleaving metal plates — one cet is fixed -the other 
is mounted on a shaft. and when Totated,moves the plates in between the fixed 
plates. 

6. \7haL precaution mu3t be observed when using an electrolytic capacitor made 
to be used on direct current? 

Care must be taken to con] ect the capacitor terminals to the correct polarity — 
the capacitor is polarized. 
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What will be the time constant in seconds of a l-microfarad capacitor 
connected in series with a 2-mef^ohm resistor? 

t ^ EC ^ 2 X 10^ X 1 X 10^^ ^ 2 seconds 



\Jhat does the time constant equal? 

The time required for the accpacitor to charge to ^7^.2% of its fully charged 
voltage. 

\n\at three methods are used to identify capacitors? 

(1.) Printed information, (2.) five dot or six dot, and(S.) color hand^ using 
a color code. 

How does voltage rating affect the size of a capacitor? 

The higher the voltage rating, the mare dielectric and spacing hetoeen the platea^^ 
therefore, the high voltage capacitors are physically larger. 

There are four capacitors, 2 mfd, 1 mfd, 0,5 mfd, and 0,25 mfd, connected in 

parallel. What is the total capacitance of this arrangement? 
3. 75 mfd. 

^That is the tO|al capacitance of four capacitors connected in series if the 
'^apacitance of the four capacitors is 6 mfd, 3 mfd, 4 mfd, and 1 mfd? 
0.5714 mfd 
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Check-up: (2-4-3) 



Write out the answers to the following review questions found on pa^e 3-133 of 
Electricity One-Seven , 

1. How does a capacitor block d-c? 

Once the initial charging current hoe charged the capacitor, the flat) of 
current Is blocked by the dielectHc. 

2. tJhat are the voltage and current relationships between the capacitor and 
ap'>lied voltages? Between the capacitor current and applied voltage? 
Current thru a capacitor leads the voltage applied to the capacitor. The 
applied voltage and counter voltage are 180^ apart. 

3. \7hat happens to the capacitor current if the frequency of the applied voltage 
is decreased? 

Current thru a capacitor is directly proportional to the frequency. Increase 
in frequency^increase in current. A decrease in frequency will result in a 
decrease in current. 

4. ifliat is the opposition to the flow of a-c current offered by a capacitor 
called? 

1/hat are its units: 

Capacitive reactance^expressed in ohms. 

5. What is the equation for finding X^? 

X ^ 2 (c in farads) 

6. \^hat 18 meant by leakage current in a capacitor .W^^at causes it? 

The dielsotrio always has 8one high ^ c.Lue of resistance which allows a small 
amount of current to f ow. 
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Ifliat is the total capacitance of three capacitors In series, whose values are 
10, 10, and 5 microf aradt<? 



What Is for each capacitor In Question 7, and the total capacltlve reactance 
of 100 hertz? 10 kllo-hertz? 

100 h = 636 



10000 h =6.36 
z 

What Is the total capacitance of three capacitors In parallel, whose values are 
10, 10, and 5 microfarads? 
25 mfd. 

Ifliat Is the total capacltlve reactance for the three capacitors In question 9 
at 100 hz? 10 Kllo-hz? 1 Mega-hz? 




z 



100 hz 



10 khz 



1 mhz 



10 mfd 
5 mfd 
P.5 mfd 



63.6 OHM 



318 ohm 



159 OHM 



0.636 



1.5.9 



3.18 



0.00636 



0.0318 



0.0159 
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Check-up: (2-4-4) 



Write out the answers to the following review questions found on pap^e 3-142 of 
Electricity One-Seven » 

1. Ifr^t Is meant by the power factor of a circuit? 

pf is the ratic true pcwer 

apparent pcwer 

Also equal to the cos of the phase angl'J betueen current and voltage. 



2. The apparent power In a circuit Is 50 volt-amperes and the true power Is 40 
watts. What Is the power factor? 

« .80 or 80% 

50 volt^amp 

3. Why are paper, mica, and ceramic capacitors so called? Are these fixed or 
variable capacitors? 

Fixed capacitore get their name ftom the dielectric material. They are all 
fixed capacitor 8. 

4. \ftiat Is meant by the abbreviation WVDC that Is found on a capacitor? 

Workiig voltage d^c . . . The max voltage that can be safely applied to 
the capacitor. 

5. \7hat Is an electrolytic capacitor? Can It ever be used In an a-c circuit? 
Eaaentia'^'ly it ie a polarized capacitor and should not be used on a-a unless 
especially built for such use. 

6. How are capacitors Identified? 

Capacitors are marked in some way with their capacitance value^when practical 
it is printed on the capacitor. A system of color codes or dots is sometimes 
used. 

7. \n\at Is meant by rotor and stator plates? De fixed capacitors have these? 
The plates on a variable capacitor - !JOn 
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8. Why are the polarities of electrolytic capacitors Important? Can these 
always be used for d-c? For a-c? 

With the wrong polarity the electrolytic acxpacitor aonducte like a lau-value 
reaiator and may he deetroyed by high current. No^not mlesa specifically 
designed for a^c. 

9. The power factor of a circuit Is 0.5. What Is the phase angle between the 
voltage and current? 



10. What Is the power factor In a pure capacltlve circuit? Resistive circuit? 
p./. of capacitive circuit « 0 
p.f. of resistive circuit « 2 



60'' 
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Le88on 2-4-5 



THE SERIES RL CIRCUIT 



Check-up: (2-A-5) 

Write Out the answers to the following review questions found on page 4-41 of 
Electricity One*-Seven > 

K In a vector diagram of the voltages In a series RL circuit, what circuit quantit 
is used as the reference vector? Why? 

Current. Current is the same id all parts of a series drauiu 



2. \fliat Is the 10-to-l rule for R and X^^ in a series RL circuit? 

If or R is 10 times greater than the other, the phase angl 
he considered as zero or 90^ depending on which is larger. 
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3. IThat is the resistance of a coil having a Q of 65, when the inductive reactance 
is 325 ohms? 

R - ^ 325^ S ohm 
Q 65 

4. \n\8Lt is the resistance in a series RL circuit when the impedance is 130 ohms and 
the Inductive reactance Is 50 ohns? 

R =r /~2 77 R = 220 ohm 

5. What is the phase angle for the circuit in Question 4? 

Sin 9 = SO/UO = 0.38S 

6. If an applied voltage of 100 volts causes 5 amperes of current in a series RT. 
circuit, what is the circuit impedance? 
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The power dissipated in a circuit is 500 watts, the impedance is 10 ohms, and 
the phase angle is 60 decrees. What is the value of the current in the circuit 

20 artps 

I/hat is the apparent power of a circuit which di^jsipates 500 watts, and has a 
power factor of 0,25? 

2000 volt'Cvnp 

Between what values (the maximum and minim'jun) can the power factor be found? 
Why? 

Between 0 and 2t The angle between the current and voltage can he as little as 
0^ or as great as 90^. Pf » cos /£ 

IThat is the voltage across the coil in a series RL circuit when the applied 
voltage is 100 volts, and the voltage across the resistor is 80 volts? 

60 volts 
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Lesson 2-A-6 



THE SERIES RC CIRCUIT 



Check-up: (2-A-6) 

1. How do you show vectors rcpresentlnR resistance, capacitive reactanc- and 
Impedance? 

Resistance 

capaoitive reactance • Impedance 

2. An inductive reactance and a capacitive reactance can have the same ohmlc 
value, yet there Is a difference between them. Explain, and construct vectors 
showing these differences between t'.iera. 

(a) 400 ohms The difference between them 

(b) 400 £90" ohm ig 280". 

3. A series circuit consists of « resistance of 150 ohms and a condenser of in mfd. 
If a potential difference of 120 volts 60 hertz Is applied across the circuit, 
find (a) the Impendance of the circuity (b) the current flowing through the 
circuit, (c)the potential difference across the resistance, (d) the potential 
difference across the capacitor. 

(a) 304.8 ohms (q) S9.1 volts 

(b) 394 Ma (d) 104. S volts 

4. \;hat Is the resistance In a series RC circuit when the Impedance Is 130 ohms 
and the capacitive reactance is 50 ohms? 

R = 120 ohms 

5. i/hat is the phase angle for the circuit of question A? 
Z = 130 /~22.6° ohm 

6. The applied voltage across a series RC is 100 volts, and causes a current of 
5 amperes to flow. What is the magnitude of the Inpednnce of the circuit? 

Z 20 ohms 
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7. The power dissipated In a circuit Is 500 watts, the Impedance Is 10 ohms, and 
the phase angle Is 60 degrees. \^at Is the value of the current In the circuit? 
I ^ 10 ampe 

8. Two 10 mfd capacitors are connected In series and this series comblnr^tlon of 
capacitors Is connected In series with a 25 ohm non-lnductlve resistor. If 
240 volts were to be applied to this circuit, how many amperes would flow in 
the circuit when the frequency Is 50 hertz? 

Then I = 0.45 amp 

9. A nonlnductlve load with a resistance of 30 ohms Is connected In series \ 1th 
a capacitor which has a capacltlve reactance of 24 ohms. Determine: (a) 
Impedance of the circuit (b) the current in arapers (c) th<» volts across the 
resistor when the applied voltage is 240 volts. 

(a) Z ^ 38.4 ohme (b) J » 6.25 anp (a) E = 187.5 volts 

10. In question 9 determine (a) the power expended In the circuit (b) the 
volt-amperes reactive component in VARS for the series circuit (c) the 
power in volt-amperes. 

(a) 1172 watts (b) 50 var (c) 1500 volt-amp 
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Lesson 2-4-7 
SERIES LC CIRCUITS 

Check-up: (2-4-7) 

1. How do you show vectors representlnR current, capacltlve reactance and 
Inductive reactance In a series circuit? 

Current is always dram as the reference, inductive 
reactance is 90^ to current, capaaitive reactance 
is minus 90^ to current. 

2. An Inductive reactance of 600 ohns and a capacltlve reactance of 200 ohns 
are combined In a circuit, (a) What Is the Impedance of the clrctilt? 

(b) If these values are reversed, that Is, the Inductive reactance equals 
200 ohms and the capacltlve reactance equals 600 ohms, then what Is the 
Impedance of the circuit? 

(a) Z = X= 400 /90'' 

(h) z = = -'.00 /-9n'> 

^. T»»ree henries pure Inductive reactance and O.A nfd pure capacitive reactance 
are connected in series, frequency at 60 hertz, (a) IThat is the impedance? 

(b) What is the phase anple? (c) t/hat is the power factor? (d) Is the 
current leading or la^Rinjr the voltage? 

(a) 7. = ABB ohm (b) Z = 90** (a) fl (d) Lamping 

4. Consider a series LC circuit with an applied voltage of 100 volts, a 

capacitor with a voltage of lAO volts across it, and an inductor with an 
inductive reactance of 20 ohms, (a) What current would flow in the circuit? 

(b) I^hat is the inpedance of the circuit? (c) What is the apparent power 
of the circuit? 

h'ote: There can he tu)o correct sets of answers: 

(a) 2 arrps (h) f>0 /-PO" ohms (c) P.nO volt-arrps 

(a) 12 amps (b) 8,33 [90^ ohns (c) 1200 volt-anps 
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In question A J (a) What Is the true power of the circuit? (b) I^at is the 

phase angle of the current In the circuit: Is It leadinp or lanniny*? 

(a) 0 for both sets of conditicns 

(b) 90"" Leading for lat set or 90"" Lagging for 2nd eet. 

In question 4^1f the frequency of the applied voltage Is doubled, what 
current would flow In the circuit? (Hint: The voltage acroas the capacitor 
would no longer be lAO volts.) 

Ao in question 4 there can be two answers: 

(1) I ^ 20 amps 

(2) I = 2.9Z amps 

In question 6, what would be the Impedance of the circuit? (b) IThat 
current would flow in the circuit? 

(1) Z ^ S /JO"" (b) I ^ 20 amps 

(2) 7, = ZAAe? /JO"" 

In question 4, If the frequency of the applied voltage were halved^ 
(a) What would be the Impedance of the circuit? (b) How much current 
would flow In the circuit? (c) VThat Is the phase angle of the current 
in the circuit; is it leading or lagging? 

(a) I - no 1^90'' ohm (b) I = 0.769 amp (c) Current leading by 90"" 

In question 8: (i) What is the apparent power in thn circuit? (b) What 
is the capacltive reactance? 

(a) 76.9 volt-amp 

(b) X ^ 140 ohm 

c 

In question 8; (a) ^^hat is the inductive reactance? (b) \^at is the 
reactive VARS of the circuit? 

(a) X. - 10 ohm 

LJ 

(h) VARS => 7C,9 
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lesson 2-4-8 



SERIES LCR CIRCUITS 



Check-up: (2-4-8) 

1. The starting winding of a capacitor-start, induction-run motor consists 
of a resistance of 15 ohms and an inductive reactance of 20 ohms which 
are in series with a capacitor of 60 mfd. The motor is connected to a 
120 volt, 60 hertz power source, (a) What is the impedance of the 
series circuit? (b) How much current will flow in the circuit? 



2. In question 1: (a) What is the power factor of the circuit? (b) How 
mcny watts of power will the start winding require? 

(a) 52.7% P.F. 
(h) 291 watts 

3. A relay coil has a resistance of 100 ohms, an inductance of 0.2 henry 
and is to be connected in series with a 20 mfd capacitor across a 120- 
volt, 60 hertz power source, (a) What is the total impedance of the 
circuit? (b) How many amperes will flow in this series circuit? (c) 
\7hat is the impedance of the relay coil? (d) What is the power factor 
for this series circuit? Does the current lead or lag the voltage? 
(a) Z = 115.27 oTm (h) I = 1.04 amp (o) Z ^ 125.2 ohm 

(d) P.f. = 88.21 current leads voltage 

4. A series LCR circuit has an applied voltage of 200 volts, an impedance of 
100 ohms, an inductive reactance of 50 ohms and a capacitive reactance of 
130 ohms, (a) What is the value of the resistance? (b) I/hat is the 
current in the circuit? (c) What is the phase angle of the circuit? Does 
the current lead or lag the applied voltage? (d) What is the true power? 

(e) What is the apparent power? 

(a) R = 60 ohm (h) I 2 amp (fj) 53.2^ irurrmt leads 
(d) P ^ 239.6 watts (e) 400 volt^amp 



(a) Z ^ 28.5 ohm 



(h) I ^ 4.2 amp 
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5. A aeries LCR circuit consists of 8 ohms resistance, 18 ohms Inductive 
reactance and 12 ohms capacltlve reactance, (a) What Is the Impedance of 
the circuit? (b) l^hat Is the true power? (c) What Is the reactive power 
with an applied voltage of 240 volts? 

(a) W ohms (h) P = 4608 watts (a) 345? vara. 

6. A coll containing 100 ohms resistance and 0.50 henry Inductance is placed 
In Br -les with 40 ohms of capacltlve reactance and a 30 ohm resistance 
across a 60 hertz 480 volt a-c circuit. How much current will flow In the 
circuit? 

P'.43 anp 

7. IVhat Is the voltage across the coll In question 6? 
324.33 volts 

8. now many watts of power are being expended in the coil in question 6? 
55^.5 watts 

9. How much power Is being expended In the resistor In question 6? 
27? watte 

10. (a) Can the voltage across the Inductor or the capacitor In series ICR 
circuit ever be greater than the applied voltage? (b) Can the voltage 
across the resistor ever be greater than the applied voltage? 

(a) Yes (h) No 
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Lesson 2-4-9 



SERIES RESONANCE 



Ch«ck-up: (2-4-9) 

!• lAiat does the Inpedance of a series circuit equal when the Inductive 

reactance equals the capacitlve reactance? IVhat Is this condition called? 
Very loo impedance. It equals the DC reeiatccnce of the circuit. 
It ia called aeries vesonanQe. 

2. A series circuit has a resistance of 60 ohms, an Inductance of 63.66 
mill-henry and a capacitance of 110 mfd. Determine the frequency at which 
this circuit will resonate. 

f = ^ / ^ 5^7 hertz 

3. \Vhat is the value in ohms of the Impedance of the circuit in question 2 
at resonance? 

Z ^ R 9 eo ohna 

A. If 120 volt, 60 hertz were applied to the series circuit in question 2, 
what voltage would exist across the inductor? 
48 volte 

5. In question 4, what current would flow at resonant frequency? 

«? coTtpa 

6, IThat is the power factor of a series circuit when resonance is reached? 
200% 

7. How much capacity is required to obtain resonance at 1,000 kilo-hertz 
with an Inductance of 50 microhenries? 

6.324 forade 

8, \fliat is the value of the current in a series circuit at resonance. Is 
it rainuraum or is it maximum? 

^ Moxiptwn gg 
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At resonance^ is series LCR circuit inductive? 

No 



Most radio recei/ers enploy one or irore tuned circuits. Tuninp, is 
selecting a si^al at one frequency and rejecting signals at all other 
frequencies, Ii/hat is another use of series resonant circuits? 

Increaee load oarrying oapability of long tranemieeion lines on FHV 
circuite. 
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lesson 2-4-10 



CHARACTERISTICS OF A-C PARALLEL CIRCUITS 



Check-up: (2-A-lO) 



1. 



too 

VOLrS 



ffa /OA 

-AA/VW- 



In the above circuit: 

(a) What does equal? 11.2 ^-26. 6^ amp 

(b) What does I., equal? 10 /O^ ohms 

(c) What does equal? 5 ^90^ amps 

(d) l^at is the impedance of the circuit? Z = 8.95 ^26. t ohms 

(e) What is the power? 1,000 watts 

(f) What is the power factor of the circuit? Lagrjing 
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2 



t 

VOLTS 

I 

6- 



-WW — 



(a) What does equal? 

(b) What does equal? 



In the above circuit; 

5, 55 cwTp 
P'm^ cwTps 

(c) What Is the Impedance of the circuit? 17. ^^(1.6^ ohm 

(d) What Is the apparent power? The true power of the circuit? 
555 volt^arp SOO wa':t8 

(e) What Is the power factor of the circuit? 89.4% Leading 



3. \/hat determines the flow of current through each Individual branch of an 
alternating-current parallel cJrcult? 

The current through each branch = I = E when Z = the inpedance of that 
branchy ^ 

^. cannot the branch currents be added directly to obtain the total 

current In an a-c parallel circuit? 

Tlie currents man not be in phase with each other. 

5. Is direct addition permissible with the various >^ranch currents In a 
direct-current parallel circuit? 

Yes 
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In a parallel a-c circuit consisting of several branches, what may be said 
of individual branch-circuit voltages. 

Voltages are the same, equal and in phase across each parallel branch. 
What is meant by "equivalent series circuit"? 

An mpedanoe that can be substituted into the circuit and he the scdvp 
aa the parallel combination. 

If a :<!0-ohin resistor and a IS-ohtn capacitive reactance are connected In 

parallel, what would the equivalent series circuit equal? 

7.2 ohrt resistor in series with 9.6 ohms of capacitive reactance. 

Z « 12 A53.2^ ohn 

How may the power factor of a parallel a-c circuit be determined? 

p^f^ - " rrug PoDer « Z for parallel circuits only 

Volt^Amps Apparent Power R 

In vector diaRraras for series RL circuits, what circuit quantity is used 
as the reference vector? Why? What is the reference vector for parallel 
RL circuits? Why? 

Series Circuits - Current is used as reference because current is the 
same in all parts of the circuit. 

Parallel Circuits - ynltage is used as reference because voltane is the 
same across all branches of a parallel circuit. 
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Check-up: (2-4-11) 



1. 



c 

!( — 



In the above circuit, if R 60 ohms, 1^ 0.064 henry, C - 112.5 microfarads, 
E - 120 volts, and the frequency - 60 cps: 



(a) \7hat does equal? 

(b) What does L equal? 

(c) What does I equal? 

(d) What does equal? 

(e) What does Z equal? 

(f) What does pf equal? 



2 amps 
4.975 amps 
5.09 amps 
P amps 

60 /-J.P" ohms 
99.79% 



(g) What amount of power is expended in the circuit? 239.49 watts 



2. 




I — ^h) fSN\J^ 1 ( 

-H®- 



(a) What value of current is ? G.444 amp 

(b) What value of current is 1^^ ? 0.24 amp 
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(c) What value of current Is 1^ ? 0.23 /le.?"^ amp 

(d) What is the Impedance of each branch? itl ^ 300 ^ j^OO = 600 ^5.?,!^ ohm 

if 2 500 . jl50 = 520 /-7r,7° ohm 

(e) Vhat amount of power is expended in the circuit? 43.6 watts 

(f) What is the power factor? 94.49% 

3, If 230 volts are impressed across the circuit below: 



A/VWV- 1( 

O ZlO\fOLTs o— 




(a) What is the impedance of branch 1? 

(b) IThat is the impedance of branch 2? 

(c) What is the phase angle of branch 1? 

(d) What is the phase angle of branch 2? 

(e) How much current will flow in branch 1? 

(f) How much current will flow in branch 2? 



Z = 40 jSO » 64 151.3"^ ohm 
I ^ 80 ^ j30 = 85.3 A^P.O.e"" ohm 
Current lags by 51.3^ 
Current leada by 20. 
3. 6 cffftps 



2. 7 optpB 

(g) IThat is the value of the total current? 5.12 amps 

(h) What is the tota'^ impedance of the circuit? 44.8 /21.4^ ohm 

(i) Ifliat is the power factor of the circuit? ^3.17% 

(J) li/hat amount of power is expended in the circuit when it is operating 
at 230 volts? 1095 watts 
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Lesson 2-4-12 



RESONANCE IN ' C CIRCUITS 



Check-up: (2-A-12) 

1. What happens to the external-circuit current when the resistance is zero 
and the inductive reactance and the capacitive reactance are equal, if 
connected in parallel? 

Theoretically, a parallel resonant circuit hoe infinite impedance and 
zero line aurrent. 

2. Assuming that we have only inductance, L, and capacitance, C, in an 
alternating-current series circuit, what is the impedance at resonant 
frequency? What is the impedance for a resonant parallel circuit? 
SeHee is very lou3, parallel resonant impedance is very high. 

3. IVhat is meant by "internal circuit"; "external circuit"? 

Internal circuit is the tank circuit of a parallel resonant circuit. The 
external circuit is that part of the circuit that is external to the parallel 
L and C Branch. 

4. IJhat is meant by "circulating current"? 

The current that circulates inside the tank oir<!uit. 

5. \n\y is parallel resonance sometimes called "anti-resonance"? 

Because it is exactly opposite to series resonance. 

6. Is there any change in the voltage when resonance is reached in a 
parallel alternating-current circuit? 

tlo 

V. J^hat does the line current equal in a parallel resonant circuit' 
Minimum current, flow. 
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8. What prevents the total current from becoming zero when resonance Is 
reached In alternating-current parallel circuits? 
Reeietanoe 



9. Explain the difference between the voltage at series and parallel 
resonance In an a-c circuit; the current; the Irapedance, 
See table heloD. 



10, What Is the resonant frequency of a parallel circuit consisting of a 
capacitance of 400 mlcromlcrofarads In one branch and an Inductance of 
240 microhenries In the other branch? 



' SIZ kilo Hertz 

2 /LC 



Anewer to question 9 ; 


Series 
Resonant 


Parallel 
Resonant 


Voltage 


Equal to Line 
Voltage 


Equal to Line Voltage 
Used OB Zero Deg. Reff. 


Current 


ttaximm 


Maximm I Line 


Ifffpedatice 


Mvnvfftupt Z ^ R 


Maximum 7, * QXL 

1 
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Check-up: (2-4-13) 



1. What function of electricity makes the use of transformers possible? 
Mutual inductance 

2. What Is meant by the "magnetic circuit" of a transformer? 

The trane former core provides a circuit of lot) reluctance for the 
magnetic flux-^^the magnetic circuit is the path the flux lines take. 

3. What Is the phase relationship between the primary and secondary 
voltages of a transformer? 

The aecondary voltage ie 280 degrees out of phase with the primary 
voltage. 

A. Is the magnetic circuit always through the core? 

No-^-'becauae magnetic leakage occurs in a transformer. 

5. What Is the turns ratio of a transformer? 

The ratio of turns in the primary to the number of turns in the 
secondary. 

6. What Is meant by the "ratio" of a transformer? 

The voltage ratio is directly proportional to the turns ratio, while 
the current ratio is inversly proportional to the voltage ratio. 

7. When the voltage of a circuit Is raised to b hir.her value by use 
of a transformer, what effect does this have on the current of the 
circuit? 

For a given amount of rwl tramps if you step up the voltage^-you will 
step dcwn the current • 

8. What Is meant by "impere-tums?" 

The current in amps multiplied by the numbe:'' of turns in a winding 
is called the ampere^tuxms . 
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9. 



In an Ideal transformer, what Is the relationship between the power 
primary and the power developed by the secondary? 
Primary and secondary pcm^re are equal. 



10. \Aiat constitutes the losses Incurred In a trans foriner? 

Copper loeeee^ flux loeeee (leakage), hyetereeie losa, eddy cur^-^^ent 
lose and saturation lose. 

11. What Is hysteresis loss? 

The lagging behind the magnetizing force by the molecules in the 
core material. It is the energy that has to be supplied to the 
molecules to cause them to turn around and, in effect, try to 
catch up with the magnetic field which is constantly cJianging 
polarity^'-this energy expended is called the hysteresis loss of 
the core. 

12. What are eddy currents and how are they held to minimum In transformers? 

Eddy currents are small currents that circulate in the core induced 
by the alternating magnetic field. They are lield to a minimum by 
using laminated cores. They still circulate in each lamination, 
however, causing a small lose. 

13. What Is meant by transformer efficiency? 
Powerout divided by powerin ■» efficiency in percent. 

14 • What Is meant by saturated core? 

// current is increased in the winding flux^density in the core 
will normally increase until saturation; increaslna the ourrmt 
produces very little increase in flux. 

15. What Is an autotransformer? 

An auto trans former is a transformer where one of the windings ^such as 
the primary, is comon and in series with the other, i.e., some turns 
are common to both the primary and the secondary i they do not have 
separate primary and secondary windings which are electrically 
insulated from each other, as does the conventional transformer^ 
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Lesson 2-4-lA 



CLASSIFICATION OP TRANSFORMERS AND TYPES OF CONSTRUCTION 



Check-up: (2-4-14) 

1. In power transformers, core type, what wlnd-'ng is usually found next 
to the core leg? 

The Icw^voltage winding is normally next to the core and the high 
voltage winding, concentrioally wound on the outside. 

1. Why Is It necessary In power transformers to brace the windings well, 
especially near the ends of the windings? 

This ie neoeaaary because under ehort^oircuit conditione which cause 
a large current to flow, the forces between coils becomes tremendous, 
amounting to hundreds of thousands of pounds. If the coils are 
sytmetrically arranged the forces within the transfomer will be 
balanced except for the forces acting on the two end coils. 

3. How are the primary and secondary windings placed with relation 
to each other on the core? 

The primary and secondary coils in the core type are wound one over 
the other with the low-volt ge winding next to the co::*e. This 
arrangement requires only one layer of high voltage insulation 
between the two windings. In the shell type it does not matter. 

4. How are the primary and secomlnry windings Insulated from one another? 

Insulation from winding to winding or from winding to core is made 
from casings and barriers bent around into shape. The turns are 
insulated from one another by wrappings of paper or cotton around 
the conductor itself. 

5. What materials are used for Insulation? 

The most efficient insulating material is mica, but press board, 
treated cloth or fibre, cotton or treated paper tape, fiberglass 
and transformer oil ape most commonly used. 
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How does oil rank as an Ineulator and what qualities has It that 
nade possible Its vide use In transfomars? 

Oil ie an excellent ineulator and in tranefomers it serves a 
double purpose, carrying the heat from the winding to the surface 
of the tank and insulating the primary from the secondary. 

What kind of oil Is used In transformers? 

Mineral oil, obtained from the fractional distillation of crude 
petroleum, and free from adds, alkalies and sulphur compounds eo as 
to prevent corrosion. 

What dielectric test should a good transformer oil stand? 

A good transformer oil should stand 22 kv § 0.1 inch between 
teminala. 

Why flust the Insulation be made extra heavy on the end turns of 
high voltage transformers? 
To prevent voltage creepage. 

What Is an Inertalre transformer? 

Usually refers to a nitrogen^filled transformer. Nitrogen is an 
inert gas and will not sustain combustion or react with the oil or 
any insulation. 

What provisions are provided for the expansion of oil In transformers 

(a) Expansion tanks^'^knovn as a conservator 

(b) Holding the oil level lew enough in the tank to allow space at 
the top for breathing 

Why Is nitrogen used In transformers? 

nitrogen is an inert gas, it will not sustain combustion. It will 
not cause oxidation of oil, it will not form water, so the oil in 
the transformer can he expected to remain dry, clean and clear. 
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13. What does 55 degrees centigrade temperature rise mean? 

This means that the overall temperature should not rise more than 
55 degrees centigrade above the surrounding cooling air when the 
cooling air is at a maximum permissible temperature of 40 degrees 
centigrxxde (104''F). 

14. What is a CSP distribution transformer? 

Completely self projected. They are equipped with overload and 
lighting protection. 

15. Calculate high-side and low-side amps of a single-phase transformer 
rated at 2,300/230/115 volts, 25 kva. 

10.8 amp 0 2,300 volts; 108.7 amps & 230 volts; 217.4 amps 115 volts 

16. If a transformer is rated at 150 kva, what would be its kw rating at 
80 percent power factor? 

taj = kva X pcwerfaotor or ho - ISO x 0.8 - 120 kw 

17. Can a transformer be used at a lower than rated voltage? 
Yes 

18. Why are transformers rated in kva and not in kw? 

If the poDer factor remained 100% you could rate them in kw. The 
transformer windings are subjected to the volt^amperes which may 
not be t}^ same as the watts. 

19. In some locations where oil-cooled transformers are cjr.?idered a fire 
hazard, what other methods may be used to cool transformers? 

Dry type, air-cooled or askarel filled transformers. Askarels are 
noninflarmable insulating liquids. Trade names are inteen and 
py^anol. 
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The current input to the primary winding, with no load connected to 
the secondary winding, is usually from 2 to 5 percent of full-load 
current. This is normally called exciting current or charging 
current. What should be the charging current in a 2,500 kva, 
single-phase transformer rated at 1\000 to 2,400 volts? 
Full load rated current, lew side is: 

charging current 2500 kva x 1000 n^i 7 



= 1^041. 7 amps 



low side 



2400 volts 



2% of 1,042. 7 » 30.8 amp and 5% of 1,042.7 = 52.08 amp 



Full load rated amps high side is: 



2500 kv X 1000 



= 227. 27 amps 



11,000 volts 



2% of 227.27 =^ 4.5 amp 
5% of 227.27 = 11.36 amp 



charging current high side 
4.5 amp to 11.36 amp 
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Lesson 2-4-15 



TRANSFORMER CONNECTIONS 
AND INSTRUMENT TRANSFORMERS 



Check-up: (2-4-15) 




1. 


If 


E 

PP 


- 500 volts, then E - 

P 




SOO volts 


2. 


If 


E 

PP 


- 865 volts, then E - 

8 




299.6 volts 


3. 


If 


E - 

P 


1045 volts, then E 

sp 




209 volts 


4. 


If 


E - 

n 


120 volts, then E 

sp 




220 volts 


5. 


If 


E - 

8 


480 volts, then E - 




277 Vi Its 


6. 


If 


E - 

n 


7J1 volts, then E - 
P 




1,285 volts 


7. 


If 


I - 

P 


100 amps, then I (through E ) - 5?.? arnp 
PP PP ^ 


8. 


If 


load 


Is balanced and 1-58 
P 


amps, then 1^ - 1C?,4 amp 


9. 


If 


I., - 

X 


^2 " ^3 ^ " ^ » ^^^^ 


- 0. True or false? False 


10. 


If 


4- 


4 ■ ^3 " Si' ^A ■ 


h 


- I^. True or false? False 
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Check-up: (2-4-16) 



1. Why are instrument transformers used'i 

Tuo reasons. To protect station per so .el from contact with high voltage. 
Alsot tc permit the rise of inetnmer s with a reasonable amount of 
insulation and ouiTent carrying capaoitfj. 

2. IVhat are so'jC advantages of a 8it.?le-pha8e, three-wire circuit? 

This provides 240 volts for heating or applia^oes and also, two circuits 
of 120 volte for lighting and recepticals. 

3. What Is the difference In single and polyphase transformers and what 
advantage has each type ove" the other? 

A single phase transformer may be defined as one having only erne set of 
primary a i 8econdai>y terminals. In poly-phase there are tuo or more 
wound on a poly-phase core. A three phase occupies less space, weighs less, 
costs less than three single phope. A single phase is more versatile. 

^That polarity Is most common In: (a) a power transformer; (b) a 
distribution transformer; (c) an Instrument transfonrer? 

(a) subtraative (b) additive (c) sub tractive 

5. What Is a transformer with a tertiary • Indlng and what purpose does this 
wind ng serve? 

A transformer with a third winding. They are used when, for some reason 
or othey>.a third voltage is desired. Also used in wye-i.iye connected 
bank to suppress the third harmonics. When used for this puyose the 
winding must be connected delta. 

j. l^hat Is a transformer with taps and vhrt Is its purpose? 

A transfrmer with taps means that provisions or*'. ,nade to change the 
turns ratio bu connecting to various taps on the winding. :-cs purpose 
18 to raise or lower voltage. 
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7. Are the taps located near the end or in the center of the vlndlng? 
The taps are located near the oenter^^amy from line siArges. 

3, What problem is created by connecting a three-phase bank of transformers 
i^e-yye and how is It overcome? 

Can cauae telephone interference due to third Jcormonics. A tertiary 
winding ta ueed and connected delta to provide a path for the third 
harmonica tc circulate. 

9. How are transformer leads marked? 

The standard method uses the letter "H" for the high side and the letter 
"X" is affixed to the low side^^tertiary xHnding terminals use the 
letter "Y". 

10. Explain what is meant by "additive" and "subtractive" polarity. 

If the transformer terminals HI and XI are adjacent, the transformer 
is said to be subtracting. If the transformer terminals HI and XI are 
placet, diagonally from eac^ other , the transformer is additive. 

11. Li»t three requirements which should be observed if two transformers of 
equal kva capacity are to be connected in parallel so that they will ohc.re 
the load. 

(1) The voltage ratio must he the same. 

(2) The tap settings must be the same. 

:3) The % impedance must be between 92 1/2% and 107% of the other. 

12. Can transformer taps be changed under load? 

IJot unless they are specifically built and equipped to do so. 

13. Make a connection diagram that shows how a transformer bank is connected 
for supplying a 240-volt, three-wiie, three-phase system from a ?,A00- 
volt, three-phase source. Use single-phase transformers with additive 
polarity, rated 2,400/240 volts at 100 kva. Mark the polarity of all 
transformer leads. 
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m m PI 



14. A balanced loLd of 200 kw at 0.80 la^ power factor is supplied by the 
transformer bank in problem 13. IJhat is the prina ^ line current? The 
secondary line current? 

J = P = 200Oj000 = 60, 15 amps 

^P^^ 1.732 X E X a08 e 1.722 x 2400 x 0.8 

^ (secj = 200^ 000 = 601. S arrpe 

1. 732 X 240 X 0.8 

15. If one of the transformers in problen 13 were damap,ed and had to he 
removed, show how you would reconnect the remaining two, so as to 
maintain service. 
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16. IJIiat is the mnximum balance load in kw of power factor 0.80 laf^ which 
could be connected to the transformer bank during the emer(»ency described 
in question 15? 

In this aomeation the imita will have 86. J% of their ratinps I.e., ti)o 
100 kva units have a bank occpacity of 200 x 0.8n6 or 173.?. kva. With 80% 
power factor^ then the kw load is equal to 173.2 x 0,80 or 138.5 kw. 

17. Make a connection diagram for three single-phase, 50 kva, 2^A0n/l20-volt 
transformers with additive polarity to supply a four-wire, three-phase 

. jrvice of 120/208-volts that can S-'^ply both 120-volt single-nhase 
lighting service and 208-volt, three-phase motor load. Show the high 
side of the bank connected to a 2,A00/4,160-volt, three-phase primary. 




. If the power factor of the load is 0.80^ what is the maximun balanced 
three-phase load that sould be connected to the bank described in 
qu*»stion 17? 

kva X p.f. kh). 3 X SO X 0.80 = 120 kw. 
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19. A three-phase, wye-connected transmission line has a voltape of approxi- 
mately 60.5 k. across the three line wires and 35 kv from each line to 
ground. ?lak^ a connection diagram showing how to connect three trans- 
formers rated at 35,000 to 11,000 volts. 2,000 kva, with subtractive 
polaricy so as to step the transmission voltage down to supply energy 
to an 11,000-vclt, three-phasa, tliree-wire distribution system. 




20. \/hat is the line current on the secondary side when the transformer in 
question 19 is loaded to rated capacity? Neglect any losses. 



I = 



Where E = voltage 



2» 7S2 X E X COB e , 

The current tn the delta lyinding is 

I = 2,000 X 10^ " ^^"^ current/ 1.7:^2 

1.732 X 11,000 X 1 

I ^ 105 ampe in eeoondary line. 
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21, Ifliat is the line current on the primary side when the transformer in 
question 19 is loaded to rated capacity? Nef;lect any losses. 

.3 



I e 



3 X E X Cob e 3 x 35^000 x 1 



2^000 X 10 - 19 ampBf primax*y current. 



22. 





15,000 kva transformer 
63,350/126,700 - 13,200/7200 volt 



TAP 
1. 
2. 
3. 
4. 
5. 



H.V. 

66700 
65025 
63350 
61675 
60000 



L.V. 

13200 volts 



Complete the connection diagram for the above transformer if it is to 
be connected to a three-phase wye system having 57,000 volts across the 
three-phase wires and 33,000 volts from each phase to ground. The secon- 
dary is to supply energy to a three-phase wye distribution system having 
approximately 12,A00 volts across the three-phase wires and 7,160 volts 
from ach phase to neutral. What tap is the transformer to be set on? 
Voltage ratio = 57,000 



12,400 V 13.200 
? = SO f 600 volte: so set on too ^.5- 



^3 9 
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23. If, in question 22, the voltage is low and you are asked to change the 
taps, would you move the tap changer to a higher or lower tap number? 
Lower the number of the tap to raise the seaondary voltage, 

2A. If a transformer is rated at 150 kva, what would be its kw rating at 
80 percent power factor? 
Ku kva X p,f. = ISO X 0.80 = 120 kw. 

25. Complete the connections for a three-phase open-wye open-delta for 
120/2AO service as shown in the voltage diagram. This bank can then 
be used to supply large sin'^le-phase 2A0 volt and 120/2AO volt loads 
with small amounts of three-phase loads. 



9 



^ C 




a 



210'' ANGULAR 
VISPLACEMENT 



A 
B 
C 
N 



|0 OHi H,0 r,n 



A 
N. 

B 
C 
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Lesson 2-5-1 



METER CONSTRUCTION AND METER MOVEMENTS 



Check-up: (2-5-1) 

!• What are the two basic types of current meters? 

(2) EleotTomagnetic 
(2) Thermal 

2. If the current through a coll la Increased, what happens to the 
magnetic field around the coll? 

The magnetic field is proportional to the amount of current. 

3. VThat Is another name for the movlng-coll meter? 
D'Arsonval Meter Movement 

4. IThat are the three types of movlng-lron meter movements? 

(1) Radial vane type 

(2) Conaentric^vane type 
(S) Plunger type 

5. What basic parts are common to most meter movements? 

(DA coil (2) A pointer (3) A acale (4) Pivots 

(5) Bearings (6) Springs (7) Retaining pins (8) A zero ad,iust 

(9) Damping 

6. Explain the difference between a hct-vlre ammeter and a thermocouple 
meter, 

A hot wire ammeter depends on the expansion of a wire when it is heated. 
The more current through a wire^the move it will expand* A thermocouple 
meter uses two dissimilar metals that when joined together produce an 
emf when their junction is heated and this junction is attached to a 
hot wire. 
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Explain why two springs are used In neter movements and how changes In 
temperature are compensated for. 

They are wound in opposite directions to compensate for the expansion 
and contraction that occurs as a result of temperature change. 

Explain the principle and function of the zero^adjust screw. 
To set the pointer to zero with no curr^.nt flowing. 

If the current through a movlng«-coll meter doubles , by how much does 
the pointer deflection Increase? Do inovlng*-*lron tneters react the 
same? Explain any difference In the scales for the two meters. 

Pointer deflection also doubles; moving^iron meters react different; the 
pointer varies with the square of the current through the coil. Moving 
coil meter scales are linear while iron vane scales are square--law scales. 

What Is meant by damping In a meter? Why Is It necessary? 

Because with very little friction of the rotatina varts of a metnr^ thp 
pointer has a tendency to overshoot its correct reading. The spring 
will pull it back and it will over shoot again slightly and so on. As 
a result the pointer tends to swing back and forth about the correct 
reading point many times before coming to rest. A meter movement must 
be damped to over come this problem. Damping can be thought of as a 
breaking action on the pointer. 
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Lesson 2-5-2 



METER CHARACTERISTICS AND MULTIRANGE AMMETERS 



Chtck-*up: (2-5-2) 

1. Define meter sensitivity. What is its si^mificance? 

The amount of current neGeeeary to cause the pointer to de fleet full 
scale. It is the maximum current that can be sent through the coil 
without possible damage to the meter. 

2. tJhy can't the basic moving-'coil meter measure a-c? 

The meter cannot respond to the rapid changes. The effect is to cause 
the meter to read zero. With a rectifier added to change ac to dc it 
Dili make a fine meter jor AC, however. 

3. Why la it desirable for a-c meter to indicate rms values? 

rms or effective value is the moat comonly used value. 

4. \fliy is a rectifier meter less accurate than a basic moving-coil meter? 
Due to rectifier inacourrades. 

5. I^at type of meter is used to measure high-frequency current? 
A thermocouple meter. 

6. are external shunts used with meters designed to measure very large 
currents? 

To prevent damage to the meter movement from the large current floD. 

7. IThat is a multirange meter? What is the advantage of such a meter? 

A basic meter movement containing several shunts for various ranges of 
currents and/or voltages. 
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What i8 meant by "obaervlng polarity" when connecting a current meter? 
Current must flow in on the correct terminal. If current flowr, through 
the meter in the reverse direction^ the pointer will he deflected down 
scale against the stop, 

IVhy should a current meter never be connected in parallel with a power 
source or load? 

A current meter is a very loo resistance device. Sc many amps would flow 
through the meter that it would Ukeli, be destroyed 

Should a 95-nllliampere current be measured '^.th the 0-ltj milliamperes, 
0-100 milliamperes, or 0-1 ampere range of a nultirange meter? Kxplaln 
your reason. 

Use the 0-100 milliampere range. For best accuracy and readability. 
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I^88on2-5--3 



VOLTMETERS— OHMMETERS AND MEGGERS (MEGOHMMETER) 



Check-up: (2-5-3) 



!• Explain how a current meter movement can be made to measure voltaRe. 

Beaauae of the ohms lai) relationship, a current meter eoale oan be 
calibrated in volte and used to measure voltage. 

2. Why are multiplier resiatora used In voltmeters and shunt resistors 
used In ammeters? 

mltiplier resistors are used to extend the range of voltmeters and shicnt 
resistors are used for the same purpose in aimeters and ohmeters. 

3. A zero to 1 mllllampere meter Hiovement has a coll resistance of 1000 ohms« 
\^at value of multiplier resistor is needed to measure 100 volts? 

99k ohms 

4. IThat Is meant by the ohms/volt ratlHR of a voltmeter and what is the 
relationship between a meter's ohm/volt ratinf^, and the current required 
for full-scale deflection? 

The sensitivity of the meter— the higher this rating, the more sensitive 
is the meter, i.e., the less burden the meter has. 

h \oo yoLTi — ^ ^ P 



5e 



— 'WVVA ^AA/V— 



(*\) Calculate the voltages that would exist across Rj^ and R2 in the circuit 
shown here. 

(b) If a 0 to 100 voltmeter with a sensitivity of 1,000 ohm per volt were 
to be connectec across R^* what would the voltmeter read? 

(a) SO volte (u, 3 volts 
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If in question 5, a 0 to 100 voltmeter with a sensitivity of 20,000 ohm 
per volt 18 uied ' (a) ^at would the voltmeter read? (b What would the 
voltmeter read if it is connected across points A and 5? (c) IThen the 
voltmeter is connected across points A and B, what current flows through 

(a) 48.8 volte Cb) 100 volte (a) .000512 ampe or 512 microamp 

(a) What is the basic difference between series and shunt ohnmeters? 

(b) What is the purpose of the xero-ohm set control? 

(a) In a eeriee ohmeter the reeietancee are measured by conneating in 
eeriee with the movement and in the ehunt ohrmeter the reeietanoe 
to be maaured is connected in parallel with the movement. 

Mh^t might be the result of making resistance measurements on a circuit 
while the circuit is energized? 
Damage the ohrmeter. 

l/hat are wheatstone bridges used for? Must th<» circuit be deenergized 
before applying this device? 

To make extremely accurate reaietmce meaeuremente . Yea, the circuit 
muet be deenergized. 

\7hat is a meggc'r and for what purpose Is it used? Will it measure 
resis tance ? Explain • 

A megohnmeter^'-meaQuree very high reeietancee used to teet the quality 
of ineulation on cablee, motore and other electrical equipment. 
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Check<*up: (2-5-4) 

!• How else can power be measured » besides by use of a vattnieter? 

Power can he calculated by multiplying current and voltage using a 
arr^rieter and voltmeter. P = EI, 



and reaistance are knoum. 

2. What are the advantages of usinft a wattmeter? 

Simplifys power meaeuremnte^ In a-^c circuits a wattmeter reads the 
true power regardless of phase angle. 

3. What Is meant by a compensated wattmeter? 

One that is compensated for its own power loss so thai only the power 
dissipated in the circuit is measured. 

4. Draw the schematic diagram of n basic wattmeter* 



5. If the wattmeter Is not compensated and Its power loss Is not Indicated 
on the scale y how can Its power loss be determined? 

Simply by disconnecting the load from the circuit, but leaidng the watt^ 
meter connected, the voltage coil then is in series irCth the ,7urrent coil 
and the source current flows through both coils. The wattmeter will read 
its own power loss. 
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6. Wha^: Is a multimeter? 

Baaically, a multimeter consiats of a voltmeter^ an ohrmeter and a ammeter 
contained in one case. 

1. What is a VTVM? 

Vacuum-tube voltmeter. 

8. What Is the advantage of a VTVM over a regular voltmeter? 

VTVM^s have very high ohms/volt ratings and provide more accurate voltage 
readings in high resistance circuits them do regular voltmeters. 

9. \/hat Is an r-f prcbe? 

A rad!rO-frecfuency probe which contains a special crystal rectifies* specify- 
icalZy designed to convert very high a^c frequencies to d-c. 

10. What else can a VTVK usui^lly measure besides voltage? 

Most V'^4^s are designed to measure resistance as well as voltage. 
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Lesson 2-5-5 



BRIDGE CIRCUITS AND VOLTAGE DIVIDER PR0BLEM5 



Chack-up; (2-5-5) 

1. A 0 to 50 ralcroarr^tsr has an internal resistance of 1,170 ohms. If this 
meter Is shunted with a 130 onn resistor, what nius t the meter read In meter 
be multiplied by, to obtain the corre»:t value of current? 

10 

2. A 0 f-o 1 milliamreeter has an internal resistance of 55 ohms. What 
shunt resistance is required to extend the ranf^e of the meter; (a) 0 to 
10 ma? (b) 0 to 50 ma? (c) 0 to 500 ma? (d) 0 to 2 amp? 

(a) 6.111 ohm (b) 1.122 ohm (a) 0.1102 ohm (d) 0.0275 ohm 

3. The 0 to 1 milliammeter in question 2 could be made to operate as a 
voltmeter by adding a series resistor. What value of series resistance 
must be connected in series to give the mater a ran^e of: (a) 0 to 10 
volts? (b) 0 to 150 volts? 

(a) 9945 ohma (b) 149945 ohms 



A, l^iat are the values in ohms for the resistors R^^, R^ and R^ in the 
voltage divider circuit shown below? A total of 180 ma is drawn from 
the powei supply? 



Rj ^ 1 K ohma 



/?2 ^ 1.5 K ohms 



13 K ohms 



a 

5 
o 
a 
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aC^O VOLTS 



35f 



19 



J LOAD 



i 



i LOAD 



5. 



In the problem given for question A. how much power is expended in: 



(a) ? 



(b) R2 ? 



(c) R3 ? 



(a) 6.4 wattB (h) 2,4 Watta (c) 5.2 watts 



6. What are the values of the voltage divider resistors for the circuit shown 
below, if the bleeder current is 10 ma? 

-t 3 SO Vot-Tt 



• 

0 



40 m< 



R4. 



30 WA. 



*1 



100 vo*.rf 



LOAD 



1 -gov6i.rf ^ 



= 2,666.6 ohm 
= 3 k ohm 
R = 10 K ohm 
= 500 ohm 

4 



7, What wattage rating should be used for the voltage divider in 
question 6? 

= 9,6 watte; ^2 = ^'^ ^5 " ^ ^4 ' ^ "^^^^ 

8. If the resistor became open circuited in problem 6. what would be the 
voltage between rho r^gative terminal of the voltage source and ground? 

400 volts 
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9, The Murry loop shown above Is set up to locate a ground that exists in 
one conductor of a lead-covered No, lA pair, T^e pair is tied top.ether 
at the far end. When the bridge circuit is balanced, " 18,7 ohm and 

-13,2 ohm. If the cable Is 4,500 ft, long, how far from the test end 
is the grounded point? 



2,862 feet 




X « 



10. 




In th^ wheatstone bridge arranged as shown 

here J if Rj^ - 0,001 ohm, ^2 " ^ 

R - 28,7 ohm, what is the value of R ? 





Fx = .028? ohm 
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Lesson 2-6-1 
BATTERIES 



Check-up: (2-6-1) 

1* Do storage batteries actually store electricity? Upon what action Is the 
theory of all batteries based? 

Uo — >} Battery converts chemical energy into electrical energy. Thp chemical 
action that takes place between the electrodes and the electrolyte* 

2. What is a dry cell? What is a wet cell? 

The dry cell contains a chemical paste while the wet cell uses a liquid 
chemical. 

3. Name three coranon types f dry cells. Can a dry cell be rejuvenated? 

I. Zinc'^carbon 2. Zinc-mercury also called alkaline cells 
3, The leclanche cell 

although dry cells can not be recharged in the same way as wet cells — 
they can be rejuvenated* 

4. Will a storage battery produce a flow of electric current before it is 
charged? 

th 

5. Will a storage battery, fully charged, remain in that condition if left 
on open circuit? 

Yes for a considerable length of time* 

6. Does the temperature have any effect on the output of a battery? 
Yes — lower temperature will reduce the output of a battery* 
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7. What is the composition of the electrodes and electrolyte of an uncharf^ed 
lecd-acld cell? 

The cell coneists of two electrodes^ both made of lead sulfate (Phr>0 ). 
The electrolyte is for the most part distilled water with some sulfuric 
acid mixed. 

3. What is the purpose of vent holes in secondary batteries? 

Wi^n the battery ie charged by an electric current and starts a chemical 
reaction^^the water electrolyte breaks down - i^being H^O^gives off 
hydrogen arid oxygen gac. This gas must be vented. 

K Can the condition of a storage cell be determined by checking the 
voltage of the cell on jpen circuit? 

No^ not completely^^if the cell is completely discharged its output 
voltage v>ill fall to about 1.75 volte. When fully changed it should 
be about 2.2 volts for a lead acid cell. 

What damage can result from lighted matches or other sources of fires 
in a battery room? 

Hydrogen gas may be present and can result in a serious explosion. 
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Lesson 2-6-2 



THE LEAD-ACID CELL AND OTHER VOLTAIC CELLS 



Check-up; (2-6-2) 

1. What is the output voltage of a lead-acid cell at the Instant the charging 
current is removed? 

About 2.1 volts. 

2. What is the specific gravity of a fully-charged lead-acid cell! 
A fullij charged cell has n specific gravity of 1.280. 

3. Can a-c be used to charge « sLorage battery? If so, how? 

No^^not alternating current in the battery, but ac can be rectified (changed 
to d^cjand be used to charge battfiries. 

A. What is sulfation? 

l/hen a battery is allowed to remain discharged for a long time, the lead 
sulfate becomes hard and brittle. The current capacity of the cell goes 
dom. The sulfated area will not react properly with the electrolyte. 

5. Why nust distilled water periodically be added to a lead-acid storage battery? 

In charging, hydrogen and oxygen gas escape (boil away) and reduce the water 
level. 

6. In an alkaline secondary cell, is there a relationship between ttie specific 
gravity of the electrolyte and the state of charge of the cell? 

No. The electrolyte does not change, it merely exchanges oxijgen ionn 
betueen the electrodes. 

1. What are the advantages of an alkaline cell over a lead-acid cell? 
They require less att^.ntion and have a longer life. 
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How Is the current rating of a battery 
They are rated according to the amount 
amount of time. Ampere^houro ^ 

A battery has an ampere-hour rating of 
supply for ten hours? 
8 ampe 



specified? 

of current they can supply in a given 
80. What continuous current can It 



What Is a sclar cell? What Is a thermoelectric cell? IThat Is a photocell? 
A eolar cell ueee photovoltaic or thermoelectric cells as primary celU to 
keep a storage battery charged, utilizing light or the suns rays as a source 
of energy. The thermoelectric cell usee heat energy at the junction of tu)o 
dissimilar metals to cause electrons to flew. A series of the moelectric 
cells piled on top of one another is called a thermopile. There are several 
types of photo cells ^ usually referring to the r>hoto ncmr^.rtive nail that 
variable resistor that permits more current to fiou in a circuit vihen struck 
by light. A photovoltaic cell produces an emf when it is struck by light. 
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Lesson 2-6-3 



BATTERY CIRCUITS 

Check-up: (2-6-3) 

1. If a 12 volt battery has an internal resistance of 0.1 ohm, what is its 
output voltage when supplying a current of 10 amperes? 

12 volte 

2. What is the output voltage of four 12 volt batteries connected in series 
aiding? What is the output voltage if they are connected in parallel? 

(a) 48 voltst (b) 12 volts 

3. If a storage battery which has an efficiency of 75% is charged with 1,000 
kw^hr of energy, what should be the amount of energy that can be recovered 
on discharge? 

750 kuh 

4. \^at is the internal resist/ ce of a cell which has a terminal voltage of 
2.00 volts when discharging at a 12 ampere rjte and the e.m.f. of the cell 
is measured at 2.05 volts? 

Heeietance of the cell » .0041? ohm 

5. The e.m.f. of a cell is 1.5 volts and its internal resistance is 0.2 ohm. 
When current is supplied to a circuit, the voltage drop across the internal 
resistance of the cell is 0.3 volt, (a) What is the terminal voltage? 

(b) How much current flows in the circuit? 
(a) 1.2 volte (b) 1.5 amps 

6. A cell whose e.m.f. is l.A volts and internal resistance is 0.2 ohm is 
supplying 1.5 amp to a circuit, (a) What is the resistance of the 
external circuit? (b) How much power is lost in the cell? 

(a) 0.733 ohms (b) 0.45 watts 
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7. A high-resistance voltmeter reads 2.0 volts when placed across a cell 
that is connected to no other circuit. When the cell is delivering 5 amps 
to a circuit, the voltmeter indicates a terminal voltage of 1.1 volts. 

(a) What is the internal resistance of the cell? (b) What is the 
resistance of the external circuit? 

(a) 0.18 ohme (b) 0.22 ohma 

8. A cell that is delivering 0.25 amp has an internal resistance of 0.5 ohm. 
The e.m.f. of the cell is 1.6 volts, (a) What is the terminal voltage? 

(b) What is the resistance of the external circuit? (c) Ilow much power 
is expended in the cell? 

(a) 1.475 volts (b) 5.9 ohms (a) 0.03125 watts 

9. Six cells are connected in series to a load of S.'i ohms. Each cell has an 
e.m.f. of 1.5 volts, and the internal resistance of each cell is 0.1 ohm. 
(a) What is the circuit current? (b) How rau h power is expended in the 
battery? 

(a) 1 amp (b) 0.6 watts 

10. If the cells of problem 9 are connected in parallel, what is the circuit 
current? 

0.1782 amp 
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Check-up: (2-6-4) 



1. Why should storage batteries be charged from a d-c voltage source higher 
than the voltage of the battery? iThen connecting a battery charger to a 
battery, should the positive terminal of the battery be connected to the 
negative or positive of the charging circuit? 

If the voltage from the charger is too loD, the battery will he discharged 
iruscead of charged. The battery voltage will be reduced to that of the 
charger. Chargers are connected positive to positive and negative to 
negative. 

2. What Is the chief use of storage batteries In power and substations and 
why are they used? 

Batteries provide the most dependable source of energy to trip or control 
station GWitchgear and equipment that may be critical to control. 

3. What hai-m can *^e done by excessive or overcharging and how can the normal 
charging rate be determined? 

The life of the battery will be shortened. High current accelerates 
the chemical action that deteriates the electrodes. 

4. What Is the voltage per cell of a fully-charged storage battery? 

About 2.2 to ^.tlS v-ylts (no load) for the lead acid battery. 

5. \/hat Is an equ/i:.lzi r charge? 

An overcharge ;rtvcn to the battery to insure that every plate in each 
cell is fully charged, t^ -^t the specific gravity of all cells has 
leveled off. 

6. What Is the pilot cell? 

One cell that is chosen as an indication of the condition of the hattemj^ 
usually one that is most convenient for inspection. 
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7. Is the sediment which collects underneath the plates any cause for 
alarm? 

No, provided it accumulates at a very sloi) rate. The complete hir^tory 
of the cell ie indicated by the sediment that collects beneath the 
plates. 

8. Electrolyte loses some of its water by charging of the battery and some 
by evaporation* Is it necessary, therefore, to add new electrolyte? 
Vo, not unlese some should get outside the cell by carelessness. 

9. Why should hydrometers and other lifting tools used in a battery room 
be made of rubber, glass or be well protected with a rubber covering? 

Battery acid will net attack rubber or glass. 

10. Of what use is a soda solution in a battery room? 

To neutralize any battery acid that might be spilled. 



ERLC 



367 



T^esson 2-b-5 



THE D-C GENERATOR 



Check-up: (2-6-5) 

!• What serves as an automatic reversing switch on a d-c generator? \7hnt 



Is its purpose; why is it necessary? 

The cormutator^''it is to insure that the current aUiays floiia in the same 



and the a^-c must be converted to d^-c. 

2. What is meant by the neutral plan»2 In a d-c generator? What would happen 

if the brushes were not positioned in the neutral planr? 

If the position of the brushes is not in the neutral plane^a large 
current would flow in the short circuited coil and arcing would occu"* 
at the blushes. The neutral plane is theortically where the armature 
coils cut no flux lines and so have no voltage induced in them. 

3, How is the generator ripple reduced in a d-c generator? 

By increasing the number of coils in the armature. 

A. Will increasing the number of turns in the armature colls affect the 
amount of ripple in the output voltage of a d-c generator? 

No, it will increase the vol tags. 

5. If a generator has eight commutator segments, how many separate armature 
coils does it have? 



How can you control — increase or decrease the voltage output of a d-c 
generator? 



direction. It transforms a^c to d^c. All generators are a^c generators 
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7. iy^es the number of armature colls affect the number of brushes required 
for a d-c generator? 

No^ it will affect the mount of ri^^ple in the output voltage. 

8. Can alternating current be used as a field for a d-c generator? What 
type of current must be used? 

No^ a-Q cannot be used—only direct current is used in the field. 

9. What Is excitation current? Explain the difference between separately 
excited d-c generators and self-exclted generators, 

l/hen the field winding on a generator is an electromagnet^ current must 
flow through it to produce a magnetic field. This aurrpnt is called the 
excitat^'on current. Vhen this current comes from a separate^ external 
d^c voltage source^ the generator is said to he separately excited. It 
can come from the generators own output^ then it is said to be self-excited. 

10. Why does a series generator have poor voltage regulation? 

Changes in load current greatly affect the generator output voltage^-the 
field is in series with the load. 

11. Why are shunt generators said to be self-protective? 

Because the output voltage will drrp as load increases. If the load 
should be shorted^ the voltage drops to zero. 

12. type of d-c generator has Its field connected In parallel with Its 
armature/what type of generator has Its field connected In series with 
Its armature and what Is the generature called that has both a winding 
connected In series and a second winding connected In parallel? 

(a) The short generator (b) The series generator 
(c) Compound generator 

13. What Is meant by the reference to "bul'd-up" of a d-c generator? Is 
this necessary in separately excited generators? 

hThen a self^excited generator is started,it takes some time for it to 
reach its rated output because most of the magnetism of the iron tc lost 
when the generator is shut dawn and it takes some time to build it up 
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starting with only residurl magnetism^ Nr ^^not in separatehj excited 
generators » 

In a compoMtid generator, do the magnetic fleloa of the two wlrdlngs 
aid or oppose each other? 

The two fields aid each other ^ 

Which type of generator will supply the more »LVu3e voltage for varying 
load conditlonr yeries, shunt or compound wound gfcn*»ratni8? 
Compound wound generators 
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Lesson 2-6-6 



D-C GENERATOR CONSTRUCTION 

« 

Check-ups (2-6-6) 

1* When a genera^. r has a large number of poles. Is t'ue f:otal number ood 
or even? How are the field colls mounted* ••do \ hey rotate or are they 
flxecif 

(a) Even (b) Alternate north^aauth^north'-Bauth^etQ. 
(a) They cere fixed- 

2. What is armature reactionvHItiat causes it^^^^y can it be troublesome? 

A reaction oaueed by the rnagnetic field built up around the armature by 
the load current. This reaction ehifte the neutral plane in the direction 
of rotation and reeulte in poor commutation. 

3. What are interpolcs:t¥hat reaction do they correct for? 

Inter^ol^e are auxiliary polee built into commtating pole generators — 
they produce a flux at such location eo ae to eliminate brush sparkling. 

4« \^at are compensating windings aiid what . ::heir purpose? 

Compensating windings are smell series windings, set in the main pole 
piece S'-'- they are in series with the armature winding and their current 
and magnetic fields are opposite in direction to those of the armature 
coil. They eliminate amature reaction. 

5. Name the two types of windings xxrd on an armature. 

Lap windings and wave windings. Lap ^jindings sacrifice voltage output 
for current capacity. Wave windings sacrifice current^ carrying capacity 
for high voltage. 
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BEST COPY AVAILABLE 



3. Why is the armature core and the field windin;* cure of a generator 
laminated? What material is generally used for this core? 

The armature core is made of many thin pieces of no ft ateel called 
laminationt^'Coated with an insulating varnish to redwje lose due to 
eddy currents that are induced in a conducting mten'al uh&n it cutn 
through magnetic flux Lines. 

What are the pole pieces— what is their function—why are pcla pieces 
shaped to fit the curvature of the armature? 

form the electromagnets used to produce the magnetic field. 

What are commutator bars made of? Must the commutator and brushes of a 
generator be lubricated? Why? 

^ormutators are rnude out of capper. !^o lubrication should he used between 
the brushes and the cormutator. The graphite in the brushes provides 
self ^lubrication. 



9. What characteristic has carbon that makes a favorable material for use 
ae brushes on d*c machines? 

The resistance of carbon deci easels with any rise in temperature. 
Brushes are made from small blocks of a carbon and graphite co^ound 
designed to wear out faster than the comut:ttor. 

0. What is the most common method of dissipating the heat generated in a 
d-c grnt '♦^or? 

By mem ^f air holes and a fan^-the fan is mounted on one end of the 
armat shaft. When the armature rotates, the fxn forces air through 
the airholes to carry the heat from tnside the geverator to the outaide 
of the housing. 
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Lesson 2-6-7 



THE A-C GENERATOR 

ChecK-iip: (2-6-7) 

1» Name two advantagea of the rotating field type alternator as compared to the 
rotating armature type a-c generator. 

With a Btatiorcunj armaticpe the output leads can be directly connected to an 
ext9u :al circuit without the need of bruahea or elip rings. Therefore, the 
current and voltage can be much higher— insulation is easy to provi.de for. 

2. In an a-c generator, what is the rotor? The atator? What part produces the 
magnetic field in most alternators? 

(a) The portion of an a-c generator that rotates is called the rotor. 

(b) The stationary portion is called the stator. 

(c) The rotor is the rotating field winding. 

3. Are slip rings required on a stationary- armature generatt^r V!h^t Is the 
function of the slip rings — do they carry a-c current or »'d"-c^ ^l/hy are 
brushes used? 

Yea — slip rings and brushes are used to ooni^ct the rotating field winding 
to an external source of d~o. The brushes are made from a carbon and 
graphite compound. 

4. How does the speed of rotation affect the frequency of the voltage generated? 
Whar Is the relationship of frequency, number of pairs of poles and the rpm 
In an alternator? 

The output frequency of an a^c generator is equal to number of revolutions 
per second times the number of pairs of poles. For a generator with a 
given number of poles, the higher the speed of the generator^^the higher 
will be the frequency. 



ERIC 



373 

135 



BEST COPY AVAILABLE 



What advantages do a-c j>enerators have over d-c p,enerators? 

A-^C generators dc not have aomrmtaters and so in thie respect are superior 

to d^c generators. Stationary-armature generators can rotate at veru hiah 

speed and are more adaptable to various prime movers (steam^water^enginps^ 

etc.). 



6. Why do a-c generators have poorer regulation than d-c generators? 

As load increases jthere is not only an IR drop in the generator hut the out- 
put voltage drops due to an IXL drop caused by the a-c current floiring throunh 
the inductance of the winding. The output voltage will vary with both 
changes in load and changes in power factor. A-C generators are separa- 
tely excited^ thus load current changes do not effect field current. 

7. What are notor-gcnerators used for? 

Used to ciange electricity from one voltage or frequency to another 
voltage or frequency^ or to convert a^c to d-c or d^c to a-c. A motor 
generator used to change d^c to a^c is sometimes called a converter. 

8. Why are a-c generators normally not rated In watts or kilowatts? 

Power consumed depends on the power factor of the load so they are rated 
by apparent; power. 

9. An a-c generator has a rating of 20 kilo- .It-amperes and an output of 2 
kllovolts. What Is the maximum current It can safely deliver? 

10 amps 

10. What Is the function of a dynamotor? What 1h a converter? 

A dynamotor is used to convert low d-c voltages^ usually supplied by 
batteries, to high d-c voltages. They are always contained in a cormon 
housing arid are frecfx^ntly used with conmmications equipment. 
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Check-up: (2-6-8) 



Most three-phase alternators used in modem power p,enerating stations are 

wye connected. The output terminals ire commonly labled Tl, T2, Tl, 

The sequence of the voltn^es for correct rotation is phase 1, 2, 3. If the 

sequence of voltages was found to be 1, 3, 2; would they still differ in 

phase by 120 degrees? 

Yea 



2. The output voltage of a three-phase, wye-connected generator Is 13.8 kv. 
The generator Is delivering 25 inegawatts and 10 metav. 3 to ^ the power 
system. What amount of amperes would you expect to find in each phase 
(stator coil) of the generator? Assume a balanced load. 



KVA ^ /^ic^AR' I « mjLim 

1, 732 X F 

KVA = 26,925.8 I = 2^226 arrrpa 



3. Assume we have two alternators operating in parallel and it is desirable 
the load should be shared between them. With d-c generators » the proper 
division of load between machines is obtained by changing the field 
excitation of the two generators until the load is shared between them. 
How are a-c generators adjusted so as to share the load? 
By changing the input to the prime movers of the machines — not by changing 
their field excitation. 



4. A three-phase 9 wye connected generator is rated for 2 A kv and 1200 amperes- 
Determine the kva rating of the generator. 

uuA (IE)(2,7Z2) 1,20 0 X 1.732 

KVA =r * » ' 

1,000 1,100 
KVA 49,881.6 or 49.88 mA 
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If the gene»-ator in question 4 is delivering rated current to a load with 
80Z lag power factor, what is the megawat output of the generator? 

^ IE X 1.732 X pt. 
1^000 

MW « 39.905 or KW = 39,905.23 

Explain what happens when an attempt is made co shift the kw, load between 
alternators by changlug the field excitation. Assume the governor control 
to the two prime movers is not changed. 

The power output of each generator remains practically the aamel however , the 
current output of each generator will increase cmd neither machine will 
operate at unity power factor. The generators will either take in VARS or 
put out VAPS. 

A three-phase, delta connected generator is rated at 10,000 leva., 11,000 
voltb and 60 hertz, is the full-load current at unity powerf actor? 

^ KVA X 2000 

i — — — ^25 anp 
1732 X E 



In question 7 the generator efficiency is 86%, What must the horsepower 
input from the prime mover *-o the generator be if the generator is 
generating at full rating? 

output . ^ 10.000 KV ^ 
% eff — L ^riput ^ — * ^ ll,e27.9 KVA 

input 0. 86 

H.P. = 0.746 X 11,627.9 ^ 8,^71.4 H.P, 

List four separate conditions that must be net before an alternator can be 
synchronized to parallel with another a-c generator, 

(1) If a 30 nachine^-^the phase sequence must be the same. 

(2) Their output voltages must he the same. 

(3) Their frequencies must he the same. 

(4) Their output voltages must he in^phase. 
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10. A three-phase, vye-connected generator is rated at 50,000 kva and 13. S kv. 
VJhat is the voltage rating of each of the three windings? \/hen 1400 amps 
of load current flews in each phase winding, how much load current will 
flow in the lines^out to the load? 
(a) 7.9? kv (b) 2400 amps in each line 
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Let on 2-7*1 
D-C MOTORS 

8ck-up: (2-7-1) 

1. IThat Important role does the coicToutator play in che operation of the d-c 
motor? 

It revereeo the current direction eo that the mgnetic field will keep 
the armature turning in the sam direction. 

1. IThat are the effects of "armature reaction" In a motor? In what direction 
is the neutral plane shifted by armature reaction? 

It u.icfte the neutral plane opposite to the direction of rotation of 
the armature and results in poor cormutation. 

3. 1/hat is the relationship between the number of commutator segments and 
armature windings? 

You only need one segment per loop or coil as they are normally called. 
If an armature has 16 coils^^there will be 16 segments on the cormvAtator. 

4. What characteristic has a shunt-wound motor that makes it suitable for 
driving certain types of machinery? 

It can hold a constant speed while serving a changing load. 

5. How may the speed of a shunt-wound motor oe varied? What controls the 
speed of a series-vound motor? 

(a) By using a rheostat control in the field^^-an increase in field 
current will reduce motor speed because it increases cemf. By usinn 

a rheostat in armature circuit^^decreasing armature current slaws the motor 
down. 

(b) The load with no load series motors have a tendency to ncn aiway. 
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6. ro what types of load is a series-wound motor especially adapted? 

High starting torque against heavy loads that remain ooupled to the motor 
such as hoists, cranes, eto» 

7. \n\at is a compound-wound motor and what advantages does it have over both 
shunt-and series-wound? 

A shunt motor with a series field— or a series motor with a shunt field. 
They are designed for use where more nearly constant speed in desired 
under widely varying loads than can be obtained from a shunt motor. 

8. IJhat is "counter emf"? Why is a resistor necessary for starting . d-c motor? 

CEt^F is generated when the armature begins to turn. CEMF acts as an 
automatic current limiter, it opposes the line voltage and since the 
armature resistance is very law—frequently less than one ohrt—a 
resistance is used in series to limit the current through the armature 
until the armature begins to turn and a induced CEMF is built up. 

9. will a motor -peed up when the strength of the field decreases? 

A reduced field current means reduced flux -ohich means reduced CF.MF and 
thus more armature current. A skunt motor will tend to run away if the 
field winding opens. 

10. }iow do you reverse the direction of rotation on a d-c motor? 

Reverse either the field or the armature current, but not both at the 
Game time. 
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Lesson 2-7-2 



STARTERS AND CONTROLLERS 



Check-up: (2-7-2) 

!• Why do all d-c motors require some type of starter or controller? 

Startere limit the currant to a safe value until the motor generates 
sufficient CEMF. Othewiee ^the high starting current could possibly 
cause brush and comutator biams and possibly cause the armature 
winding itself to bum open. 

2« How are manual starters classified? 

They are classified (1) by hew they preoperated; either manual or automatic; 
(2) by the way they are built: as face plate and drum types; (Z) by 
how they are enclosed: drip proof, water tight, etc. They are also classi- 
fied according to the number of terminals that must be connected to 
the motor: as two point, three point, and four point. 

3« Explain the difference between a motor controller and a starter. 

A starter serves no other function once the motor is brought to operating 
speed. A controller combines the functions of starting and variable speed 
control. 

A. What kinds of motors are controllers normally used with? 
Mostly with shunt and cumulative compound motors. 

5. How may the speed of a compound wound motor be varied or controlled? 
With the use of a separate field rheostat in series with the shunt field. 

6. V;iiat is meant by "dynamic braking" and how is it accomplished? 

In dynamic braking, the armature of the motor is disconnected from the 
power supply and the load will drive the motor as a generator. The 
generator action is loaded through resistance banks which are connected 
to the armature. Regenerative braking cannot be used to stop a motor — 
it will produce braking action only when the load overhauls the motor and 
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drives the motor at a speed above the speed—load characteristic of the 
motor. Dynamic braking is frequently used on elevators^ hoists^ etc. 



7. \7hen are dru^ controllers most useful? 

Where frequent starting and stopping, reversing and speed changes are 
required. 

8. With the above-and-..tl::t- -normal speed controller, when is the armature 
resistance ch^ged? The fieJJ resistance? 

For above normal speed^-'-resistance is cut iv series with the field. 
For below speed^^esistance is inserted in series irith the armature. 

9. \/hat kind of protection do you have with an automatic controller? 

Under vcZtaye and overload protection. 

10. \fliat extra motor control does a drum controller give? 
Foruard and reverse. 
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Lesson 2-7-3 



A-C MOTORS 



Check-up: (2-7-3) 

1. What are two general types alternating-current ntotors? 
Induction motore and eynchronous movore. 

2. Are a-c motors more or less troublesome to operate than d-c motors? 
A'C motore are easier to etartj cheaper to conatruct and for all hut 
special applicatione are leee troublesome than d-c motors. 

3. Mhat specific types of induction motors are there? 

Squirrel cage, wound-rotor, consequent pole. There are also single phase 
and three phase. For single phase there are capacitor^start^'^ nduction 
mm; capacitor^etart^capacitor run; split phase; a^c series; repulsion 
run; and shaded pole. 

4. A three-phase motor operates on what principle? 

A rotating megnetic field-^^each phase supplies one of three separate pair 
of poles and eac^ rotating phase is 120 degrees apart, this causes the 
stator^s magnetic field to rotate. 

5. Just what is meant by motor "slip"? 

An induction motor cannot run at synchronous speed* It must slip to cut 
the fields lines of force so it runs at less than synchronous speed. 

6. iThat is a "squirrel-cage" winding? 

A winding used on the revolving rotor for a three phase induction motor. 
It is not so much of a winding hut consists normally of copper bars 
mounted near the c j'face of the rotor which are welded to two copper 
endsprings. 
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other types of wlrdlnf^ are used on rotors of induction motorn? 
Wound rotor motors^^they have lower atccPting current than squirrel cage 
motor. Also have a higher starting torque. 

How may the speed of an induction motor be controlled or varied? 

Bp,Pit control ie obtained by using a variable-speed wound^rotor motor 
so resistance can be cut in or out by means of slip rings (three are required) 
and brushes. 

Describe the construction of a synchronous motor. 

It is similar in construction to a threes-phase a-c generator in that itn 
revolving field must be separately excited from a d-c source. It has 
a laminated stator with three armature windings, brushes and slip rings. 

is it that a synchronous motor cannot be started by applying three-phase 
a-c to the starter? 

The cynchrono^'s motor develops no torque when power is first applied^-- 
the stator polarity alternates as the magnetic field rotates so the rotor 
is first attracted in one direction and then alternately repelled—the net 
result is that the rotor stands still. 

On what kind jf loads are synchronuus motors used? 

l^/here a constant spp-ed is desired regardless of motor load. The synchronous 
motor gets its name from the term synchronous speed. 

RPM = Speed - ^ fvequencx^ 
number of poles 

How can synchronous motors be designed to be self starting? 

% providing a^-^other set of windings so it can he started as an 
induction motor. Sychronous motors are never started with the d-^c field 
circuit energised. 
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13, ^flxat type of current Is used to Mgnetlze the rotors of large synchronous 
motors? 

DiTBot current. In some installations^ electronic rectifiers supply the 
d^o excitation current. 

14. How can the use of synchronous motors Improve a plant's power factor? 

By overexcitation of the rotor (increasing the d^^c field current) they will 
take phase^leading current from the power line like a capacitor. The 
synchronous motor is then said to have a leading power factor. 
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Check-up: (2-7-A) 

1. On a 60-cycle bystem what will be the speed in rpn of a 12-pole motor? 



2. How are motors wound so they may be used on more than one service voltage? 
For example 240 or A80 volt? 

Each single^phase winding aonsists of two sections with leads brought 
out to the terminal box of the motor. The two sections are connected 
in parallel for 240 volt supply or -in series for the 480 volt operation. 

3. How may the rotation of a three-phase induction motor be changed? 

By interchanging any two of the three line wires feeding the notor. 

4. Will a three-phase series motor continue to run at normal speed if one 
fuse blows? 

Yes, if the three-phase motor is already operating at rated speed, but 
it will operate with considerably reduced capacity and if the motor ic 
shut it will not start as a single phase motor. 

5. IThat is meant by the term torque? 

Torque determines the energy available for doing work. It is the basic 
twisting force of a motor and is measured in pound- feet. 

6. What is meant by a single-phase series motor and where are they used? 
This is an a^c motor similar to the d-c series motor especially desianed 
for a-c? operation. The ordinary d^c series motor fails to operate satis- 
factorly on a-c. 

7. \n\at is a repulsion motor and in what way is it similar to a d-c motor? 
The repulsion motor uses a drum wound armature, a commutator, and brushes 
very much like those found in the d-c motors » Ha^yever, the brushes 

are shorted to each other. This motor is for operation on singLe phase 
circuits. 



rpm 



120 X freq 
No. of Poles 



600 rpm 
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8, Is there any electrical connection between rotor and field of an induction 
motor? 

Ih. The only power supplied to the rotor is through electromagnetic 
induction from the stator. 

9« \^t determines the speed of an Induction motor? 

T synchronous speed is determined by the number of poles and the 
frequency. The true speed is something less expressed as a percent 
slip, varying from 2 to S percent . 

10. What will be the speed of a single phase two-pole motor on a 60-cycle 
circuit? 

35^?^? rpm 

11. Describe the construction of a repulsion-induction motor rotor. 

The repulsion^induction motor combines a squirrel cage irinding beneath 
the slots of the armature and a winding placed in the slots and connected 
to a commutator using shorted brushes. It is really tuo motors in one 
as both windings are always in operation. 

12. \^at is a synchronous condenser? For what is it used? 

A synchronous motor used to improve power factor. 

13. Name two ways in which capacitors are used on single-phase induction 
motors, 

(2) In capacitor-start , indue tion-^run motors, where the starting winding 
is connected in series with the capacitor while starting and a centrifugal 
switch opens and disconnects the start winding and capacitor from the line. 
(2) The capacitor^start cccpacitor'^run motor is simi-lar to the above except 
that the starting winding and capacitor are left in the circuit at all 
times the motor is ox the line. 
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14. State the most common ase for synchros or "Selsyn" motors. 

They are used for remote indicating the position of transformer tap 
connections, generator rheostats, gate or intake valves, etc. 

15, What effect does low voltage have on the operation of a-c motors? 

Loij) voltage (beloio 10 percent) results in an increase in current, an 
increase in poDer factor, an increase in slip and a decrease in torque. 
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Lesson 2-8- 1 

ELECTRICAL PRINT READING 



Check-up: (2-8-1) 

1. Place the correct wire group letters in the blank circles to 
match up the wire groups. 

2. Complete the connections to the CT terminal blocks, obser\ing 
the correct polarity and ratio as is on the one-line schematic 
and three-line wiring diagram. 

3. Label the wires at the CT terminal blocks - CI, C2, C3, and CO 
to correspond to A, B, C, and common (i.e., the wire that 
carries A-phase current should be labeled C1, the wire that 
carries B-phase current should be labeled C2, etc.). 

4. On page 28 is a three-line schematic. The breaker is shown at 
the bottom of the page, the meters and relays are shown above. 
You will find brackets numbered 1 to 32. These brackets are 
to be used to identify the CT terminal block terminal 
designations, the type FT-1 test switch letters, meter 
terminal numbers, or relay terminal numbers. Refer to the 
wiring diagrams on page 27. 
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PRI HT KM\m EXERCISE ; 

Ubel CI, C2, C3, CO for both sets, observe 
the polarity of the connections as per the 
one 1 ine diagram. 
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Print Reading Exercise : Check-up: (2-8-1) Note that the same C.T, connections 
are shown below on a three line schematic. 



Identify the C.T» terminal block connections used in this application by placing the 
correct C.T, terminal in the brackets adjacent to the C,T. secondary wire. 

Place the wire group identification letter in the correct circles. 

Identify the relay terminals by placing ♦^he correct number of ♦^he terminal in the brac- 
kets adjacent to the relay. In the same manner identify the RDWH meter terminals. 

Each FT-1 test switch is identified vvith c letter ("A" through "J"). Place the correct 
letter in the L*^* brackets. 
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OCR WIRING DIAORAH: 
USE IN CONJUNCnON 
WITH PRINT READING 
EXERCISE CHECK-UP: 



(2-8-2) 
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INSTRUCTIONS: Check-up: (2-8-2) 
Refer to the wiring diagram that accompanies 
this schematic and assign the correct terminal 
point or device number that will replace the 
number that appears enclosed within the 
parenthesis on this diagram - for example: 

( 2) - 
(3) - 




( M 

{ 5) 
( 6) 
( 7) 
{ 8) 
( 9) 
(10) 



(ID 
(12) 
(13) 
(I*.) 
(15) 
(16) 
(17) 



(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(2'.) 



(25) 
(26) 
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AIJSWERS FOR CIIECK-IIP: (2-8-A) 



CAPACITOR CONTROL WIRINC DIAGRAM 



Instructions: Select the answer you feel is the most accurate. 

1, The "2-1" time delay relay when first energized 

(a) blocks openinp, of the vacuum switch. 

X (b) blocks closing of the vacuum switch. 

2^(c) blocks both opening and closing of the vacuum switch. 

(d) turns on the green Indicating lamp. 



2. ' The "2-1" time delay relay will become enerp:ized 
(a) when the vacuum switch is first closed. 

(b) some adjustable time (3 to 5 minutes) after the vacuum switch ifi 

opened . 

(c) when the "43" switch is on automatic and the vacuum switch is 

opened . 

X (d) any time the vacuum switch is opened. 



3. The "2T-1" timing relay if energized will 

(a) remove the potential from the master control relay. 

(b) close the vacuum switch if the "43" switch is in the automatic 

node. 

X (c) trip the vacuum switch with no regarl to the position of the "43" 
selector switch* 

(d) trip the vacuum switch only when the "43" switch is made automatic. 

4. The 59X relay will be picked up (operated) whenever 
(a) there is a short circuit on the capacitor bank. 

(b) the 120/240 volt-ac gets above a preset value of volts. 

X (c) the 120 volt-ac bus potential gets above a preset value of volts. 
(d) the 48 volt-dc gets above a preset value of volts. 



5. The 59X relay will be reset or dropped out for 

(a) overvoltage on the 120/240 volt-ac circuit. 

(b) undervoltage on the 48 volt-dc. 

(c) any time the 43 switch is made manual. 

X (d) low voltage on the 120 volt-ac bus potential. 



6. The Kirk key interlock used on the ground switch for the capacitor bank 
has a set of contacts; number 2 and 7 that are 

(a) closed whenever the vacuum switch open. 

X (b) open whenever the ground switch is closed. 

(c) closed whenever the ground switch is closed. 

(d) closed whenever the 94 relay has operated. 

7. The terminal block numbers on the vacuum switch to which the wires are 
connected that provide dc power to the vacuum switch are 

X (a) 1 for positive, 2 for negative. 

(b) 3 for positive, 4 for negative. 

(c) 7 for positive, 9 for negative. 

(d) 1 for negative, 2 for positive. 
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Tlie 50X relay when operated blocks closmp of tho vacuiun switch 

(a) when in the automatic mode. 

(b) when In the manual node. 

A (c> when in either manual or automatic mode. 
^d) until the "2-1'' time delav relay times out 

Contacts 2 and 3 of the 52X relay when closed 
X (a) will energize che vacuum switch closing coil. 

(b) seal in the 52X coil. 

(c) de-ener^ize the 52Y relay. 

(d) probably blow the 43 volt-dc control fuse. 

The wires connecting to the 52Y relay coil are labeled 

(a) 3A and 3B. 

(b) 3 aud 3A. 

X (c) 3B and 7. 
(d) lA and 2A. 

The 59X relay operate coil cannot be picked up (energized) unless 

X (a) the vacuum switch is closed. 

(b) the Kirk key int rlock is adjusted correctly. 

(c) the "43" switch is made automatic. 

(<1) the master controller is working properly. 

l^rtien the 43 switch is in the automatic mode 

the 52 control switch if operated will only open the breaker— 

not close it. 
(b) close the breaker but not open it. 

(c) allow the master controller to open the breaker when the frequency 

gets too high. 

^(d) permit the master controller to control the breaker for preset 

load conditions. 

AsBune the breaker has tripped out and for some reason the breaker will 
not close again either on manual or automatic; which of the followinp, is 
the most logical reason? 

(a) the m^^ster controller contact is closed. 

(b) the 94 relay is sealed up. 

(c) the electric counter is not operating. 

X (d) the 2-1 time delay relay has you blocked. 

Assume the breaker is in the closed position and the red indicating lamp 
is not burning— it should be. The most logical reason is 
(a) the "43" switch is on manual mode. 

(b) one of the 120/240 volt-i:0 amp fuses located in the capacitor 

control cabinet has blown. 

(c) the 120 volt-ac bus potential has been interrupted. 

X_(d) the 30 amp, 4ft-volt-negative fuse is blown. 

Term 6 on the "1-1" contact making wattmeter is "hot" to ground; i.e. 
it has a voltage of 120 volts to grornd. This is an indication that 

(a) the potential coil of the controller could be open circuited. 

(b) the potential coil could be shorted out. 

(c) the FT-1 test switch "A" could be open. 

X_(d) the FT-1 test switch "B" could be open. 
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Referring to the master controller: 

(a) rtlay coll I-IY and relay coll I-IX are operatln^^ from a half- 

vave rectifier circuit. 
(b) relay coll I-IX and relay coll l-lY operate from a full-wave 

rectifier. 

i-iV operates from ac and I-IX operates from dc. 

(d) I-IY operates on dc, and l-lX operates on ac. 

The m//8ter controller device No, l-l Is a contact making wattmeter. 
When Che load through the main power transformer reaches a preset 
value of kilowatts, the contacts of the meter close and de-ener^,ize the 
I-iX relay coll 

(a) which de-energlzes the I-IY relay and t)us trips the 94 relay. 

X (b) and energizes the I-IY relay which seals In through Its own 
contact. 

(c) by shorting out the I-IX relay coll. 

(d) so as to reduce the load on the Isolation transformer. 

The ratio of Che auxiliary current transformer U such that 

(a) wher I amp flows In the primary circuit 2 amps flow to the 

current coll of the master controller. 

L.(b) A amps In the primary will produce only 2 amps in the secondarv. 

(c) it will equax the ratio of the potential transformer. 

W) the current vector will be more in phase with the potential 

transformer vector. 

Assume the breaker is op«n and a voltmeter from terminal 27 to terminal 
28 (capacitor control cabinet) shows a potential of approximately 48 volts 
dc, *rhls would seem to indicate that the 

(«) green lamp is working and verifies the breaker is open. 

X (b) auxiliary switch contacts 12 and 13 on the vacuum switch have an 
air gap; i.e. the wiring is incomplete 

(c) the E.G. (operatic counter) must have counted an operation. 

(d) the "2-1" agastat relay is energized. 

In accordance with the National Electric Code, all high voltage capacitor 
cells must be equipped with internal resistors for the purpose of discharg- 
ing the cells after line potential has been removed. One should keep in 
mind however, th^t the capacitor may retain a dangerous charge for several 
minutes. As a safety margin, it is best not to re-energize the capacitors 
for approximately 5 minutes. The relay in the control circuit that 
supervises this function is 

(a) the "2T-r' timing relay. 

(b) the l-l master controller. 

(c) the 59X/ER. 

X (d) the "2-1" timing relay. 
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ANSWERS TO CHECK-UP: (2-8-5) 
PRINT RrJU)ING - TEST YOUR KNOV/T.EDGE 



Refer to the accompanying elementary and wiring dlap^rams and 
awhjer the following twenty questions, 

!• The wire No, for the wire that connects the 5?Y relay coil to term block 
10. 

71) 

2. The wire No. for the wire that connects the 63>tX relay coil to a 10 amp 
time laf; fuse . 

3. The wire No. for the wire that connects the thermostat to the 500 watt« 
2A0 volt heater. 

4. The wire To. for the wire that connects the 08 fuse to the 52Y relay coil. 

6 

5. The wire No. for the jumper that connects term block 6 to term block lOA. 

6 

6. Tlie wire No. for the wire that connects the light to the duplex receptical. 

3 

7. The wire No. of the wire that connects the 63MX relay coil to a contact of 
the 63M (pressure regulator). 

351^ 

8. The wire No. of the wire that connects the 63 C contact (pressure switch — 
lockout — prevents operation at low pressure) and a 52b suitchr 

7H 

9. The wire No. of the wire that connects the breaker trip coil to negative. 

lOA 

10. The wire No.'s of the wires that provide t!ie feed o fuse blocks H d M. 

3r> ^ 36 

11. \^at level of voltage is to be utilized to operate the motor? 

p.4n volts 

12. With the circuit breaker open ano the control power swit<:hes clo.sr l 
(energized) would a voltmeter connected to term block 13 indicate 125 volts 
n^a^^t"*^'** nr 1?S vnl t<i nofiitive? 

12.'iV Negattve 

13. If in question 12, the circuit breaker were closed, would term block 13 
be 125 volts negative, or 125 volts positive? 

126V poeitive 
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Should term block 3 be connected a hot wire or a neutral wire? 

Neutral 

A voltmeter connected from wire No. 4 to wire No. 4A and indicatinf> '20 
vulla ac wouid indicate to you that 08 L 15 amp fuse was blown—true or 
false. 

True 

If a wire man removed and taped the wire connected to term block 36H, would 
this prevent the heater from operation? 

No 



For the following questions, select the most logical answer as 
to the cause of trouble. 

The 1/3 H.P. motor falls to run and the pressure Is below normal. 

(a) 10 amp fuse 08H is blown. 

(b) Someone has turned off the 120 volt ac circuit. 

(c) 63 MX relay coil is burned open. 

(c) 

The operator after closing the OCB reports that the red IndicatinR lamp 
does not light. 

(a) The red lamp is burned out. 

(b) The 52 Y2 contact is not functioning. 

(c) The 52T coil nay have a short In It. 

(a) 

The operator reports that he is unable to close the circuit breaker by 
means of the control switch. 

(a) The adjustable latch check switch Is closed. 

(b) Wire No. 7C has a loose connection to the 52b switch. 

(c) The protective relays have burned open. 

(b) 

The operator reports that the OCB attempts to close, but trips rl^ht back 
open when he attempts to close the OCB by means of the control switch. 

(a) The pressure is too low. 

(b) The 52Y1 contact is not closing. 

(c) Protective relay contacts have welded closed. 
(c) 
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